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PHYSICS 


Class-XIl (Code No. 042) (2021-22) 
Physics Theory and Practical course will be done in two terms. Each term will be assessed individually. 


Syllabus assigned for Term-1 (Theory) 


Time: 90 minutes Max Marks: 35 


Chapter-3: Current Electricity 


Unit-III Magnetic Effects of Current and Magnetism 
Chapter—4: Moving Charges and Magnetism 
Chapter—5: Magnetism and Matter 


Unit-IV Electromagnetic Induction and Alternating Currents 


Chapter-6: Electromagnetic Induction 
Chapter 7: Alternating currents 


Total 





Unit |: Electrostatics 23 Periods 


Chapter—1: Electric Charges and Fields 


Electric Charges; Conservation of charge, Coulomb's law-force between two-point charges, forces 
between multiple charges; superposition principle and continuous charge distribution. Electric field, 
electric field due to a point charge, electric field lines, electric dipole, electric field due to a dipole, torque 
on a dipole in uniform electric field. Electric flux, statement of Gauss’s theorem and Its applications to 
find field due to infinitely long straight wire, uniformly charged infinite plane sheet. 


Chapter-2: Electrostatic Potential and Capacitance 


Electric potential, potential difference, electric potential due to a point charge, a dipole and system of 
charges; equipotential surfaces, electrical potential energy of a system of two-point charges and of 
electric dipole in an electrostatic field. Conductors and insulators, free charges and bound charges 
Inside a conductor. Dielectrics and electric polarisation, capacitors and capacitance, combination of 
capacitors in series and in parallel, capacitance of a parallel plate capacitor with and without dielectric 
medium between the plates, energy stored in a capacitor. 


Unit Il: Current Electricity 15 Periods 


Chapter—3: Current Electricity 


Electric current, flow of electric charges in a metallic conductor, drift velocity, mobility and their relation 
with electric current; Ohm's law, electrical resistance, V-I characteristics (linear and non-linear), electrical 
energy and power, electrical resistivity and conductivity; temperature dependence of resistance. 
Internal resistance of a cell, potential difference and emf of a cell, combination of cells in series and in 
parallel, Kirchhoff's laws and simple applications, Wheatstone bridge, metre bridge(qualitative ideas 
only). Potentiometer - principle and its applications to measure potential difference and for comparing 
EMF of two cells; measurement of internal resistance of a cell (qualitative ideas only). 


Unit Ill: Magnetic Effects of Current and Magnetism 16 Periods 


Chapter—4: Moving Charges and Magnetism 
Concept of magnetic field, Oersted’s experiment. Biot-Savart law and its application to current carrying 
circular loop. Ampere’s law and its applications to infinitely long straight wire. Straight and toroidal 
solenoids (only qualitative treatment), force on amoving charge in uniform magnetic and electric fields. 
Force on a current-carrying conductor in a uniform magnetic field, force between two parallel current- 
carrying conductors-definition of ampere, torque experienced by a current loop in uniform magnetic 
field; moving coil galvanometer-its current sensitivity and conversion to ammeter and voltmeter. 


Chapter—5: Magnetism and Matter 


Current loop as a magnetic dipole and its magnetic dipole moment, magnetic dipole moment of a 
revolving electron, bar magnet as an equivalent solenoid, magnetic field lines; earth's magnetic field 
and magnetic elements. 


Unit IV: Electromagnetic Induction and Alternating Currents 19 Periods 


Chapter—6: Electromagnetic Induction 


Electromagnetic induction; Faraday's laws, Induced EMF and current; Lenz's Law, Eddy currents. Self 
and mutual induction. 


Chapter—7: Alternating Current 


Alternating currents, peak and RMS value of alternating current/voltage; reactance and impedance; 
LC oscillations (qualitative treatment only), LCR series circuit, resonance; power in AC circuits. 
AC generator and transformer. 





(Including Competency-based MCQs) 








ELECTRIC CHARGES 
o1 


AND FIELDS 





IMPORTANT FORMULAE 


1. Coulomb’s force F between two point charges kept in a medium of electric constant, 


_ 1 AL 
ATE) K 7? 





For air between the charges, dielectric constant K = 1. 
_ 1 14 





air 


= 1 142. 
In vector form Fo, =—— ae 
ATE r° 


Where F4 is the force on charge q due to qo and f is the unit vector in the direction from qto 


q2- 
2. Electric field strength E at any point in the field where F is the force experienced by a test 
charge qo kept at that point, E = Lin A 
do a0 do 


(a) Electric field strength due to a point charge at a distance r 


a 


—> l q * l q EG ae : ae us 
E =! = GRD” =O Where r is unit vector along r; r => 
ANE) 7? ANEG 7? 


(b) Due to sphere charge 

















ae Ye 1g. 

(i) Inside point(r<R) E= ime, Re rHar 

(i) Outside point r> R) E=- Fat 
a ATE, r? r2 
(ii) On the surface ( =) E=——— 
iii) On the surface (r = ane, p? 
(c) Due to hollow sphere of charge 

(i) Inside point (r < R), H=0 

: 1 q 
(ii) Outside, E = Ire, 72 

1 4q o 








(tii) On the surface, E = Ine, 72 = E> 
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(d) Electric field strength due to infinite line charge having linear charge density (A) coulomb/ 
metre. 
I 2h 
ale, T 





(e) Electric field strength near an infinite thin sheet of charge. 
_ 6 
Ze, 
(f) Electric field strength near a conductor E = Eo — n, where n is a unit vector normal to the 


surface in the outer direction. Electric field strength inside a conductor €E = 0. 
7. Electric Dipole: 


(a) Dipole moment 





) = q.2l (2l being the separation from —q to +q ) 
(b) Torque on a dipole in uniform eiea field t= = px E 


(c) Potential energy of dipole, U =- p. E= = —þE cos® 
where 9 is the angle between pand E 
(d) Work done in rotating the dipole in uniform electric field from orientation 0, to 0. is 
W = U,— U} = pE(cos 9, — cos 85) 
Work done in rotating the dipole from equilibrium position 8 = 0 to orientation 0 is 
W= pE (1 — cos 8) 
(e) Electric field due to a short dipole. 
1 2p 


(t) at axial point F = - 





ATE, 7 


(ii) at an equitorial point E = 





À 
r? 


ANE, 


8. Total electric flux, © =| E.dS = oa. net charge enclosed by the closed surface. 
S Eo 


MULTIPLE CHOICE QUESTIONS 


Choose and write the correct option in the following questions. 





1. A body can be negatively charged by 


(a) giving excess of electrons to it (b) removing some electron from it 

(c) giving some protons to it (d) removing some neutrons from it. 
2. The unit of permittivity of free space (£p) is 

(a) CN‘ im" (b) Nm’ C> 

(e) CCN Hm? (d) Ê N*°m? 


3. Which of the following is not a property of field lines? 
(a) Field lines are continuous curves without any breaks 
(b) Two field lines cannot cross each other 
(c) Field lines start at positive charges and end at negative charges 
(d) They form closed loops 
4. Gauss’s law is valid for 
(a) Any closed surface (b) Only regular closed surfaces 
(c) Any open surface (d) Only irregular open surfaces. 
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5. The spatial distribution of the electric field due to two charges (A, B) is shown in figure. 


FEA 


Which one of the following statements is correct? 
(a) Ais + ve and B is — ve and |A| > |B| (b) A is — ve and B is + ve, |A| = |B| 
(c) Both are + ve but A > B (d) Both are — ve but A > B 
6. When air is replaced by a medium of dielectric constant K, the force of attraction between two 


charges separated by a distance r 
(a) decreases K times (b) remains unchanged 


(c) increases K times (d) increases K~ times 


7. A point positive charge is brought near an isolated conducting sphere (Fig. given below). The 
electric field is best given by [NCERT Exemplar] 





(a) Fig (2) (b) Fig (ù) (c) Fig (it) (d) Fig (tv) 
8. The Electric flux through the surface [NCERT Exemplar] 
S 


(i) (iv) 


(ii) (iii) 
(a) in Fig. (ev) is the largest. 
(b) in Fig. (wz) is the least. 
(c) in Fig. (wz) is same as Fig. (vz) but is smaller than Fig. (tv) 
(d) is the same for all the figures. 
9. A hemisphere is uniformly charged positively. The electric field at a point on a diameter away 
from the centre is directed [NCERT Exemplar| 
(a) perpendicular to the diameter 
(b) parallel to the diameter 
(c) at an angle tilted towards the diameter 


(d) at an angle tilted away from the diameter 
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10. 


11. 


12. 


bas 


14. 


15. 


16. 


17. 


18. 


Figure shows electric field lines in which an electric dipole p is placed as shown. Which of the 
following statements is correct? [NCERT Exemplar] 


O 
C OO 


EPEE E 
qu pl, +q 
“a4 


—___ 


(a) the dipole will not experience any force. 

(b) the dipole will experience a force towards right. 
(c) the dipole will experience a force towards left. 
(d) the dipole will experience a force upwards. 


A point charge +q, is placed at a distance d from an isolated conducting plane. The field at a 
point P on the other side of the plane is [NCERT Exemplar] 
(a) directed perpendicular to the plane and away from the plane. 

(b) directed perpendicular to the plane but towards the plane. 

(c) directed radially away from the point charge. 

(d) directed radially towards the point charge. 


There are two kinds of charges—positive charge and negative charge. The property which 
differentiates the two kinds of charges is called 

(a) amount of charge (b) polarity of charge 

(c) strength of charge (d) field of charge 


A method for charging a conductor without bringing a charged object in contact with it is 
called 


(a) electrification (b) magnetisation 
(c) electromagnetic induction (d) electrostatic induction 
If $ E.dS = 0 over a surface, then [NCERT Exemplar] 


(a) the electric field inside the surface and on it is zero. 
(b) all charges must necessarily be outside the surface. 


(c) the number of flux lines entering the surface must be equal to the number of flux lines leaving 
it. 


(d) both (bd) and (c) 


A cup contains 250 g of water. The number of negative charges present in the cup of water is 


(a) 1.84 x 10’C (b) 1.34 x 10!°C 

(c) 3.34 x 10’C (d) 1.34 x 101°C 

When the distance between two charged particles is halved, the Coulomb force between them 
becomes 


(a) one-half (b) one-fourth (c) double (d) four times. 


Two charges are at distance d apart in air. Coulomb force between them is F. If a dielectric 
material of dielectric constant K is placed between them, the Coulomb force now becomes 





(a) F/K (b) FK (c) F/K* (d) KF 
Two point charges q; and q, are at separation r. The force acting between them is given by 
1,4 
F= K — . The constant K depends upon 
r 
(a) only on the system of units (b) only on medium between charges 
(c) both on (a) and (b) (d) neither on (a) nor on (b) 
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19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


rai 


28. 


29. 


30. 


31. 


Three charges +4q, Q and q are placed in a straight line of length l at points at distance 0, //2, 
and / respectively. What should be Q in order to make the net force on q to be zero? 


(a) ~4 (b) -24 => d) 4 


An electron falls from the rest through a vertical distance h in a uniform and vertically upward 
directed electric field E. The direction of electric field is now reversed, keeping its magnitude 
the same. A proton is allowed to fall from rest in it through the same vertical distance h. The 
time of fall of the electron, in comparison to the time of fall of the proton is 


(a) smaller (b) 5 times bigger 

(c) 10 times bigger (d) equal 

Which of the following is the unit of electric charge? 

(a) Coulomb (C) (b) Statcoulomb (stat C) 
(c) Abcoulomb (abC or aC) (d) All the above 

A body is positively charged. It has 

(a) excess of positrons (b) excess of electrons 
(c) deficiency of electrons (d) deficiency of protons 


A proton at rest has a charge e. When it moves with a high speed, its charge 
(a) >e (b) <e 
(c) =e (d) may increase or decrease 


Two charges 3 x 10” C and 5 x 104 C are placed at a distance of 10 cm from each other. Find 
the value of electrostatic force acting between them. 


(a) 13.5 X 10''N (b) 40 x 10'' N (c) 180 x 10°N (d) 13.5 x 10°°N 
What is the value of minimum force (in N )acting between two charges placed at 1 m apart 
from each other? 9 
9 ke ke 
(a) ke (b) ke o = a 


A glass rod acquires charge by rubbing it with silk cloth. The charge on glass rod is due to 
(a) friction (b) conduction (c) induction (d) radiation 


Find the thickness ofa dielectric material which has relative permittivity £„ when two charges 
experience the same force as in air by a distance r. 


(a) t= Jer (b) t= re, (c) t =r, (d) t= 


What will be the value of electric field at the centre of the electric dipole? 
(a) Zero 


Y 





> 


(b) Equal to the electric field due to one charge at centre 
(c) Twice the electric field due to one charge at centre 


(d) Half the value of electric field due to one charge at centre 


Which physical quantity have unit newton /coulomb? 


(a) Electric charge (b) Electric field 

(c) Electric force (d) Electric potential 
In the process of charging, the mass of the negatively charged body 
(a) increases (b) decreases 

(c) remains constant (d) none of the above 


Charge on a body is integral multiple of +e. It is given by the law of 
(a) conservation of charge (b) conservation of mass 


(c) conservation of energy (d) quantisation of charge 
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32. 


ao. 


34. 


au: 


36. 


37. 


38. 


99, 


40. 


41. 


42. 


43. 


44. 


Electric field intensity due to a short dipole remains directly proportional to (ris the distance 
of a point from centre of dipole) 


(a) r (b) ° (0) r” (d) r” 
Electric field lines contracts lengthwise, It shows 

(a) repulsion between same charges 

(b) attraction between opposite charges 

(c) no relation between force & contraction 


(d) electric field lines does not move in straight path 


Force F between charges Q, and Q, separated by r is 25 N. It can be reduced to 5 N if the 
separation between them is made 
r 


Or O) 5 (c) 2r (d)./3r 


Which of the following is the unit of electric field intensity? 

(a) NC (b) Nm (c) NC? (d) NC 

The unit of electric dipole moment is 

(a) C/m (b) C-m (c) C/m? (d) C-m* 

A slab of dielectric is introduced between two equal positive charges with a fixed separation. 
As a result 

(a) the force between the two charges decreases 

(b) the two charges start attracting each other 

(c) the slab starts moving 

(d) an electric current passes from one charge to the other 


Two like point charges separated by a certain distance exert a force of 0.04 N on each other. 
When the distance of separation between them is halved, the force exerted by each on the 
other will be 

(a) 0.16 N (b) 0.02 N (c) 0.08 N (d) 0.01 N 

When a glass rod is rubbed with a dry silk cloth, the glass rod is positively charged due to the 
transfer of 

(a) protons from silk cloth to glass rod (b) electrons from silk cloth to glass rod 


(c) protons from glass rod to silk cloth (d) electrons from glass rod to silk cloth 


The unit of electric permittivity £ of a medium is 

(a) Nm’/C? (b) Nm?/C (c) C?/Nm? (d) C/Nm* 

The dimensions of electric permittivity is 

(a) ML°T*A~ (b) ML°T*A° (c) M*L°T*A° (d) M*L°T*A° 

An insulated conical shaped metallic conductor is charged positively. The surface charge 
density on it is 

(a) uniform throughout (b) minimum at the apex 


(c) maximum at the apex (d) maximum at its base 


The magnitude of force experienced by an electron placed at a point in the electric field E is 
equal to its weight mg. The magnitude of E is 

(a) mge (b) el(mg) (c) mg/e (d) mgle” 

An electric dipole is placed at an angle of 30° with an electric field intensity 2 x 10° NC”. It 


experiences a torque equal to 4 Nm. The charge on the dipole, if the dipole length is 2 cm, is 


(a) 8mC (b) 2mC (c) 5mC (d) 7 mC 
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45. 


46. 


47. 


48. 


49. 


50. 


51, 


52. 


53. 


54. 


55. 


What is the SI unit of electric flux? 


(a) <xm? (b) NX m? 
2 
(c) ~ xC a) Sxe 
m m 
The dimentional formula of electric flux is 
(a) [M'L’T*] (b) [M L’T >A] 
(c) [M*L°>T?A?] (d) [M'L° TPA’) 


Which of the following statements is not true about Gauss’s law? 
(a) Gauss’s law is true for any closed surface. 


(b) The term q on the right side of Gauss’s law includes the sum of all charges enclosed by the 
surface. 


(c) Gauss’s law is not much useful in calculating electrostatic field when the system has some 
symmetry. 

(d) Gauss’s law is based on the inverse square dependence on distance contained in the Coulomb's 
law. 

The surface considered for Gauss’s law is called 

(a) closed surface (b) spherical surface 


(c) Gaussian surface (d) plane surface 


Charge on a conducting metal sphere is present 

(a) on the surface of sphere (b) inside the sphere 

(c) outside the sphere (d) both inside and outside of sphere 

Charge Q is kept in a sphere of 5 cm first, then it is kept in a cube of side 5 cm, the outgoing 
flux will be 

(a) more in case of sphere (b) more in case of cube 


(c) same in both case (d) information incomplete 


A sphere encloses an electric dipole within it. The total flux across the sphere is 
(a) zero (b) half that due to a single charge 
(c) double that due to a single charge (d) dependent on the position of the dipole 


A charge q is placed at the centre of a cube, what is the electric flux passing through one of its 
faces? 


q q 6q q 
0) Fe O = = D Fe 
According to Gauss law, electric field of an infinitely long straight wire is proportional to 
l i l 
a) r py = i are d) = 
(a) (b) 2 (c) 3 (a) > 


A charge q uC is placed at the centre of a cube of side 0.1 m. Then the electric flux diverging 
from each face of this cube is 


qx10® 


q qx10° qx 104 
(a) E (b) X10" e) —_ -z 


bE, (a) bE 


An electric charge q is placed at one of the corners of a cube of side a. The electric flux on one 
of its faces will be 


q q q q 
0) Te O —s OTs D Ti 
0 0 
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56. 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


Consider a region inside in which there are various types of charges but the total charge is 
zero. At points outside the region 

(a) the electric field is necessarily zero. 

(b) the electric field is due to the dipole moment of the charge distribution only. 


(c) the work done to move a charged particle along a closed path, away from the region, will be 
zero. 


(d) None of these 

If electric field is uniform, then the electric lines of forces are 

(a) divergent (b) convergent (c) circular (d) parallel 

A plane of surface area S is placed in an electric field such that the direction of normal on 


surface ‘S’ makes an angle ‘0’ with the direction of electric field E . The electric flux through 
the surface is 





E 
(a) ES (b) ES sin 8 
(c) ES cos 9 (d) zero 
In which of the following cases the electric field strength is independent of distance? 
(a) Due to a point charge (b) Due to a line charge 
(c) Due to a spherical charge (d) Due to infinite flat sheet of charge 


A cylinder of radius R and length L is placed in a uniform electric field E parallel to cylinder 
axis. The total flux through the surface of the cylinder is given by 

(a) 2nR°E (b) 2nRLE 

(c) (2nR* + 2nRL)E (d) zero 

A hemispherical surface of radius R is placed with its cross-section 
perpendicular to a uniform electric field as shown in figure. The 
electric flux through the surface is 

(a) TR*E 

(b) 2nR°E 

(c) 4nR°E 


(d) zero 





A small metal ball is suspended in a uniform electric field with the help of an insulated thread. 
If high energy X-ray beam falls on the ball, it will 


(a) be deflected in the direction of field (b) be deflected opposite to direction of field 
(c) not deflect at all (d) fly to infinity 
Two point charges +q and -q are held fixed at (-d, 0) and (+d, 0) respectively of a (x, y) 


coordinate system. Then 


(a) the dipole moment is gd along positive X-axis 

(b) the dipole moment is g(2d) along positive X-axis 
(c) the dipole moment is g(2d) along positive Y-axis 
(d) the dipole moment is q(2d) along negative X-axis 
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64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


42. 


Six charges, three positive and three negative are to be placed at the 
vertices of a regular hexgon such that the electric field at O is double 
the electric field when only one positive charge of same magnitude is 
placed at R. Which of the following arrangements of charges is 
possible for B Q, R, S, T and U respectively? 

(a) +, —, +, —, —, — (b) +, —, +, —, +, — 

(c) +,+,—, +,-,- (d) —, +, +, —, +, — 





A charged ball B hangs from a silk thread S, which makes an angle 0 with a 
large conducting sheet P, as shown in fig., the surface charge density o of the 
sheet is proportional to 

(a) cot 9 (b) cos O 

(c) tan 8 (d) sin 0 





Force between two identical charges placed at a distance r in vacuum is F. Now a slab of 
dielectric of dielectric constant 4 is inserted between these two charges. If the thickness of the 





slab is $ then the force between the charges will become 

F F 4 
(a) F (b) | c) 5 (a) oF 
Electric flux is 
(a) scalar quantity (b) vector quantity 
(c) sometimes scalar and sometimes vector (d) neither scalar nor vector. 
The minimum value of charge on any charged body may be 
(a) 1.6 X 10"? coulomb (b) 1 coulomb 
(c) Inc (d) 4.8 x 10™° coulomb 
The number of electrons contained in 1 coulomb of charge is equal to 
(a) 6.25 x 10!” (b) 6.25 x 1018 
(c) 1.6 x 10°? (d) 0.625 x 10'° 
A charge Q is placed at each of the opposite corners of a square. Fas A Fa 
A charge q is placed at each of the other two corners. If the net d Q Pa 

F 
electrical force on Q is zero, then F equals í ©) : 
(a) -2V2 (b) -1 
1 


c) l d) -=-= / 

(c) (d) J DK TO, 
Three concentric metallic spherical shells of radii R, 2R and 3R are given charges Q1, Qo, Q; 
respectively. It is found that the surface charge densities on the outer surfaces of the shells are 
equal. Then the ratio of the charges given to the shells Q, : Qs : Q; is 

(a) 1:2:3 (6) 1:3:5 (c)1l1:4:9 (d)1:8:18 


A thin semicircular ring of radius r has a positive charge q uniformly distributed over it. The 
net electric field E at centre O is 


; 


A 
l 


q ^ q 2 q 2 —q n 
a: b — o— i _ d) ——+— 
(2) 2 J $ An” Er’ ' 2 An” Egr’ ' 0) OnE yr” J 
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re? 


74. 


15. 


76. 


77. 


78. 


79. 


80. 


For a point charge, the graph between electric field versus distance is given by 


WA oe 


—— 


(c) | (d) — 
| N E 


An infinite number of identically charged bodies are kept along the x-axis at points 
x = 0,1 m, 2 m, 4 m, 8 m, 16 m and so on. All other charges repel the charge at the origin with 
a force of 1.2 N. Find magnitude of each charge. 


(a) 9pC (b) 10pC (c) 11pC (d) 12 uC 
If the net electric flux through a closed surface is zero, then we can infer 
[CBSE 2020 (55/1/1)| 
(a) no net charge is enclosed by the surface. 
(b) uniform electric field exists within the surface. 
(c) electric potential varies from point to point inside the surface. 
(d) charge is present inside the surface. 
An electric dipole placed in a non-uniform electric field can experience [CBSE 2020 (55/1/2) | 
(a) a force but not a torque. (b) a torque but not a force. 
(c) always a force and a torque. (d) neither a force nor a torque. 


A point charge is situated at an axial point of a small electric dipole at a large distance from 
it. The charge experiences a force F. If the distance of the charge is doubled, the force acting 


on the charge will become [CBSE 2020 (55/1/3)| 

(a) 2F (b) F/2 (c) F/4 (d) F/8. 

The electric flux emerging out from 1C charge is [CBSE 2020 (55/3/1)| 
l AT 

2) = (b) 4a (c) Eo (d) £o 


An electric ‘dipole consisting of charges +q and -q separated by a distance r, is kept 
symmetrically at the centre of an imaginary sphere of radius R (> r), Another point charge 
Q is also kept is also kept at the centre of the sphere. The net electric flux coming out of the 





sphere will be [CBSE 2020 (55/3/2)| 
-(2q +Q) Q 2q +Q = 
(a) ane, (b) E> (c) A (d) E 


Two large conducting spheres carrying charges Q, and Q, are kept with their centres r distance 


QO 


2 
because 
r? 


[CBSE 2020 (55/3/3)] 


i i : 1 
apart. The magnitude of electrostatic between them is not exactly T 
0 


(a) these are not point charges. 

(b) 

(c) 

(d) charges will shift towards the portions of the spheres which are closer and facing towards 
each other. 


charge distribution on the spheres is not uniform. 


charges on spheres will shift towards the centres of their respective spheres. 
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81. The electric flux through a closed Gaussian surface depends upon [CBSE 2020 (55/5/1)| 
(a) net charge enclosed and permittivity of the medium 


(b 


) net charge enclosed, permittivity of the medium and the size of the Gaussian surface 
(c) net charge enclosed only 


(d) permittivity of the medium only 


Answers 
1. (a) 2. (c) 3. (d) 4. (a) 5. (a) 6. (a) 7. (a) 8. (d) 
9. (a) 10. (c) 11. (a) 2. (b) 13. (d) 14. (d) 15. (a) 16. (d) 
17. (a) 18. (c) 19. (a) 20 (a) 21. (d) 22. (c) 23. (c) 24. (a) 
25. (a) 26. (a) 27. (d) 8. (c) 29. (b) 30. (a) 31. (d) 32. (d) 
33. (b) 34. (d) 35. (d) oe. (c) 37. (a) 38. (a) 39. (d) 40. (c) 
41. (d) 42. (c) 43. (c) 4. (b) 45. (a) 46. (b) 47. (c) 48. (c) 
49. (a) 50. (c) 51. (a) 2. (a) 53. (d) 54. (c) 55. (d) 56. (c) 
57. (d) 58. (c) 59. (d) 0. (d) 61. (a) 62. (a) 63. (d) 64. (d) 
65. (c) 66. (d) 67. (a) 8. (a) 69. (b) 70. (a) 71. (b) 72. (d) 
73. (b) 74. (b) 75. (a) a: (c) 77. (d) 78. (a) 79. (b) 80. (b) 

81. (a) 


CASE-BASED QUESTIONS 


Attempt any 4 sub-parts from each question. Each question carries 1 mark. 


1. COULOMB’S FIELD: 
The electrostatic field around an electrically charged body or particle is called Coulomb field. 
According to Coulomb’s law, “The force of attraction or repulsion between two point charges is 
directly proportional to the product of the charges and inversely proportional to the square of 
distance between them. The direction of this force is along the line of joining the two charges.” 


After all, for any system of charges, the measurable quantity is the force on a charge which can 
be directly determined using Coulomb’s law and the superposition principle. 


We Ne 


F FN 


(a) (b) 


+ + G 
q q 
(c) 
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) 


(d) 


For electrostatic, the concept of electric field is convenient, but not really necessary. Electrical 
field is an elegant way of characterising the electrical environment of a system of charges. Electric 
field at a point in the space around a system of charges tells you the force a unit positive test 
charge would experience if placed at that point. The true physical significance of the concept 
of electric field, however, emerges only when we go beyond electrostatics and deal with time 
dependent electromagnetic phenomena. The concept of field was first introduced by Faraday and 
is now the central concept in physics. 


(i) The vector form of Coulomb’s force (Fis ) is 














(a) _ 1142 F (b) _ 142 ; 
ATE, ee 12 ATE hg 2 
l NI. . 








(c) ee X— No (d) none of these 
0 "i2 
(ii) The Coulomb force between a proton and an electron separated-by 0.8 X 107" m is 
(a) 300 N (b) 320 N 
(c) 340 N (d) 360 N 
(iii) The Coulomb field at a point is 
(a) always continuous 
(b) continuous 1f there is no charge at that point 
(c) discontinuous only if there is a negative charge at that point 
(d) continuous if there is a charge at that point 
(iv) A point charge +q, is placed at a distance d from an isolated conducting plane. The field 
at a point P on the other side of the plane is 
(a) directed radially towards the point charge 
(b) directed radially away from the point charge 
(c) directed perpendicular to the plane but towards the plane 
(d) directed perpendicular to the plane and away from the plane 
(v) An infinite number of charges each equal to 4 uC are placed along the X-axis at x = 1 m, 
x =2m,x = 4 m,x = 8 m, and so on, the Coulomb field at origin for all these charges is 
(a) 4.8 X 10° N/C (b) 4.8 x 10* N/C 
(c) 4.8 X 10° N/C (d) 4.8 x 10° N/C 


Answers 


1. (2) (a); The Coulomb’s force is directly proportional to the product of charges and inversely 
proportional to the square of distance between them. In vector form, it is represented as 











> l ds , 
Fig = ~ 9 2 
F , di fo 
(&) (d); According to Coulomb’s law, F, = K—; 
r 


where, charge on particle, e = —1.6 X 10°C, p* = + 1.6 x 10°C 
K = 9 x 10° Nm’/C? 
9x 10° (-1.6x107'") x 1.6 x107!’ 
(0.8107)? 


F = -360 N 
|| = 360N 
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(i1) (b); Either positive or negative charges will interact with the lines of electric field to make the 
electric field discontinuous. 


If there is no charge inside the electric field then the lines a 
will not be affected. So, electric field becomes continuous. -7 T} 
(iv) (d); Let charge +q is placed to the left of isolated conducting E H 
plane AB vertical to plane of paper. B 1 
Due to induction by +q, R.H.S. of plane acquire positive — +—— 
charge. So, lines of force will emerge perpendicularly ° P ITE ee cos 
outward and parallel to each other. = +> 
(v) (b); Electric field (Coulomb field) due to point charge, 7 T- 
K B 
r 


Now, Coulomb field due to system of charges, Q = 4 uC 


= PRA m T oa 
2 2 2 
T T 


l.e., E = KQ 








l l l 
_ 9 —6 in a 
E=9x10°x4x10 j+ +e +a te 


_ 36X10° 4 

E =L 4.8 x10 N/C 

2. GAUSSIAN SURFACES: 
Johann Carl Friendrich Gauss (1777-1855) 
was German mathematician and physicist 
who made significant contribution to many 
fields in mathematics and science. In physics 
Gauss’s law, also known as Gauss’s flux 
theorem, is a law relating the distribution of 
electric charge to the resulting electric field. 
In the integral form, it states that the flux of 
the electric field out of an arbitrary closed 
surface is proportional to the electric charge 
enclosed by the surface, irrespective of how 
that charge is distributed. 


A Gaussian surface (sometimes abbreviated 
as G.S) is a closed surface in three- 
dimensional space through which the 
flux of a vector field is calculated, usually 
gravitational field, the electric field, or 





magnetic field. It is an arbitrary closed 
surface used in conjunction with Gauss’s 
law for the corresponding field by performing a surface integral, in order to calculate the total 
amount of the sources quantity enclosed; e.g., amount of electric charge as the source of the 
electrostatic field. 
(i) The type of physical quantity electric flux and its dimensions respectively are 

(a) vector, [M°L"T*A}] (b) scalar, [M*L*T°A‘] 

(c) vector, [MLT ŽA] (d) scalar, [MLT ŽA] 
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(ii) The electric flux through a cubical Gaussian surface enclosing net charge q is q/éo, 
while the electric flux through one face of the cube is 


(a) g/Eq 
(c) q/6€9 


(b) g/4E, 
(d) q/8E, 


(iii) The electric flux of a flat square having an area of 10 m? placed in a uniform electric field 


of 8000 N/C passing perpendicular to it is 


(a) 8 X 10° Nm*/C (b) 8 X 10* Nm*/C 

(c) 16 X 10° Nm?/C (d) 4 x 10* Nm°*/C 
(iv) Gauss’s law is valid for 

(a) any open surface (b) any closed surface 


(c) only regular closed surface 


(d) only irregular open surface 


(v) If the electric flux entering and leaving an enclosed surface respectively is f} and fọ. The 
electric charge inside the surface will be 


(a) 


Ep 


(c) 


Ep 


Answers 


2. 


5-9, 


>, — 





(b) £o (do — 1) 


(d) Elbi bo) 


(2) (d); scalar quantity, a =|MET A] 


.. i q , , , 
(ii) (c); According to Gauss’s law, $ = =< In cubical Gaussian surface, electric flux passes 
0 


equally from each face. So, electric flux through one face is Ea (as the no. of faces of 


6E 


cube = 6). j 
(iii) (b); >, = EAcosð® [~ 0 = 0°= cos0 = 1] 
þ,=EA = ġ,=8000x10 = 8x10* Nm*/C 


(iv) (b); Gauss’s law is applicable for all types of closed surfaces. 


(v) (b) Net flux diverging Po — b, = 4 
0 


=> 


q = o(05 — 1) 


ASSERTION-REASON QUESTIONS 





In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). 
Choose the correct answer out of the following choices. 


Both A and R are true and R 1s the correct explanation of A. 
Both A and R are true but R is not the correct explanation of A. 
(c) A is true but R is false. 

(d) A is false and R is also false. 
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(a) 
(b) 


1. 


Assertion (A) 


Reason (R) 
Assertion (A) 
Reason (R) 


: The charge given to a metallic sphere does not depend on whether it is hollow 


or solid. 


: Since the charge resides only on the surface of the conductor. 
: Charge is quantized because only integral number ofelectrons can be transferred. 


: There is no possibility of transfer of some fraction of electron. 
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Reason (R) 
4. Assertion (A) 
Reason (R) 
5. Assertion (A) 
Reason (R) 
6. Assertion (A) 
Reason (R) 
7. Assertion (A) 
Reason (R) 
8. Assertion (A) : 
Reason (R): 
9. Assertion (A) 
Reason (R): 
10. Assertion (A) 
Reason (R) 
Answers 
1. (a) 2. (0) 
9. (a) 10. (a) 


Assertion (A) : 


: Net electric field inside a conductor is zero. 


Electrons moves away from a region of lower potential to a region of higher 
potential. 


: An electron has a negative charge. 

: When a body acquires negative charge, its mass decreases. 

: A body acquires positive charge when it gains electrons. 

: Surface charge density of an irregularly shaped conductor in non-uniform. 

: Surface density is defined as charge per unit area. 

: Total flux through a closed surface is zero if no charge is enclosed by the surface. 


: Gauss law is true for any closed surface, no matter what its shape or size is. 


[AIIMS 2018] 


: Total positive charge equals to total negative charge in a charged conductor. 


If the bob of a simple pendulum is kept in a horizontal electric field, its period 
of oscillation will remain same, [AIIMS 2012] 


If bob is charged and kept in horizontal electric field, then the time period will 
be decreased. 


: All the charge in a conductor gets distributed on whole of its outer surface. 


[AIIMS 2018] 


In a dynamic system, charges try to keep their potential energy minimum. 


: Acceleration of charged particle in non-uniform electric field does not depend 


on velocity of charged particle. [AIIMS 2017] 


: Charge is an invariant quantity. That is the amount of charge on particle does 


not depend on frame of reference. 


3. (a) 4. (d) 5. (a) 6. (a) 7. (c) 8. (c) 


HINTS/SOLUTIONS OF SELECTED MCQs 


1. 
2. 


3ST SS 


(a) A body can be negatively charged by giving excess of electrons to it. 


(c) According to Coulomb’s law, 











dido 
n > — 
FRE) r? 
az 1149 
0 AnFr? 
SI unit of €, = oC = ÊN! m? 
Nm 


~ PA A AM 
a aAa 8 Q 
xwr wr wr N 


F 


air 


Electrostatic field lines do not form any closed loops. 
Gauss’s law is valid for any closed surface. 
The electric field lines start from charge A and on charge B. So A is +ve and B is —ve. 


In air, the force of attraction between two charges in given by 


1 ah 


4NE, r? 


In dielectric medium, the force of attraction between two charges is given by 
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20 


10. 


I1. 


15. 


17. 


l dido 


mid 4reK r? 





air 
K 


So, force decreases K-times. 


When a point positive charge is brought near an isolated conducting sphere, then due to 
induction there develops some negative charge on the leftside of the sphere and an equal 
positive charge on the right side of the sphere. The electric field lines emanating from the 
point positive charge end normally on the left side of the sphere. Due to accumulation of 
positive charge on the right side of the sphere, the field lines emerge outward normally. So, 
option (a) is correct. 

As electric field lines are not perpendicular to the surface of sphere, so (wz) and (iw) are 
rejected. 

According to Gauss law, the electric flux (p) through the closed surface depends only on the 
amount of charge enclosed inside the surface. It does not depend on size and shape of the 
surface. 


Here, charge enclosed inside all the figures are same. 


, q , 
So, electric flux (4 = will remain same. 
0 


As the diameter of hemisphere is plane surface, and whole hemisphere is uniformally 
charged positively, so the electric field lines emerging outward will be perpendicular to the 
surface. 


The density of electric field lines decreases from left to right, so electric field (E) on +q 
charge will be smaller than —q charge. 


Since, F = q E , therefore force on +q will be smaller than -g. 


The direction of force +q charge is along the direction of electric field, so the force on —q will 
be towards left. Hence net force on dipole will be towards left. 


When a point charge +q is placed at a distance d from an isolated e + > 


conducting plane, due to induction by +q charge, the other side _ oo 


(RHS) of the plane acquire positive charge, so, field lines will £ E ——__> 


emerge perpendicular to the plane and away from the plane. tem=d—y P aap 
, +g - - —— 

Let us assume that the mass of one cup of water is 250 g. B : 

The molecular mass of water is 18 g. _ = 


Number of molecules in 18 g of water = 6.02 x i07 


50 ji 
Number of molecules in one cup of water = -= x 6.02 x10% 


Each molecule of water contains two hydrogen atoms and one oxygen atom, t.e., 
10 electrons and 10 protons. Hence, the total positive and total negative chage has the same 
magnitude and is 





= x 6.02 x10 x 10x 1.6 X107°C 
= 1.34 x 10’C. 
o —_ 1 ak 
In air, — Tre, Fz ...(1) 
— l NI 
In material, F Ire, K g .. (2) 
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19. (a) 


20. (a) 


21. (d) 
22. (6 


23. (c) 
24. (a) 


Dividing equation (1) and (2) 











Foo. pa 
FOK 7? FXK 
For net force on q to be zero +44 Q i 
KAD , KOO _ - + ‘e 
—— <----- h====-- > 
l l (1/2) 2) a 
4kq”  AKQg 
s e” 
P Į 
Q=-4 
Force experienced by a charged particle in an electric field, F = gE 
As F = ma JE 
ma = qE > a4=—~— we 


As electron and proton both fall from same height at rest, then initial velocity, u = 0. 


1 « 
From s = ut + >a 


2 
h= za Cu = 0) 
1 qË o S” 
> h= EM [Using (2)] 
2hm 





JE = toc ym as ‘g is same for electron and proton. 


Electron has smaller mass so it will take smaller time. 
Unit of charge is coulomb, statcoulomb and abcoulomb. 


A body can be charged negatively or positively by giving or taking out the electrons 
respectively. Positive charge indicates that some electrons are taken out and the body has 
deficiency of electrons. 


As charge is invariant. 


qı y Jz 
O 


k = 9 x IAN- ms-/C°, q = 3 X 10° C, go = 5 X 10° C,r = 10cm=0.1 m 
As we know that 


_ kh _ 9x10°x3x10°x5x104 








r? (0.1)? 
= 3x45x108 _ 10x 11 
= O1x01~ = 135x 10° N=13.5x 10° N 
Smallest charge = e = 1.6 x 10% 
As charge is small force is minimum 
= kXe x È _ ke? 
(1) 
As glass rod is rubbed with silk, so relative motion and friction comes to play. 
d vine 
an ATE, r? 
F l 1119 


medium — ATE, E, t? 
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According to question 


ee aj acdan 


1 Ahk _ I 1 Yo 


ATE, 7? ANE )E, q 














0 
ar =r 
i = — 
Je 
28. (c) As we know that PAE 
F O 2kp +g E, —q 
axial ~ E- <— 2a 
kxq kq 
E.=E = —=—4 
+ 7 a” a” 
E net = JE? + E° + 2E,- E coso 
=E, +E_ 
_ 2k 
az 


As due to point charge E = kq/a> 
29. (b) As E = z unit = N/C 


30. (a) A negatively charged body has more electrons than the neutral body and these excess 
electrons results in an increase in mass. 


31. (d) Quantisation mean integral multiple of any smallest thing 


32. (d) As electric field due to dipole 


2k 
| a in both cases E oc K 
© r r 


_ ip 
eq 3 
33. (b) Electric field lines initiate from positive charge and terminate on negative charge. 


_ FEQQ» 
— 3 


T 


_ KQQ, 
r? 

` KQ Q, 
(rf 

=4 5r 


Divide equation (2) and (t) 


2 
5 =(£) = r= y5r 


34. (d) F 


25 


5 








35. (d) E= T 5 N/C 

36. (b) p =q.2a=C-m 

37. (a) Force between two charges, F = 1 4% 
oo ATE, 7 
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When dielectric slab is introduced 


1 “4 
= — +. Here € > & 
4TE y 


> F<F 
_ kn 


38. (a) F=—5 
Y 


0.04 WO 


_ flho 
r? 
When r' = 7/2 


PILE: 
(r/2)° 





(ii) 


Divide equation (2) and (t) 
Fl _ Ar" _ 
0.04 7 
F'=0.16N 
39. (d) Electrons from glass rod to silk cloth 
__ 1% __ 149 
aes pa C9 E] 
ANE )¥ 4TF.r 
C 
Nm’ 
[AT][AT] 
[MLT] [L] 
SM LTA 
Q 
A 
l 
2 


40. (c) 





Unit = 


41. (d) [e] = = A° T° M KG 


42. (c) 60= > 
r 
43. (c) As F=qE 


x-5 


mg = eE 


E =meg/e 
44, (b) Given, t = 4Nm,/= 2 cm = 0.02 m, E = 2 X10° N/C, 0 = 30° 
t = pE sin O = ql E sin O 


=> 4 = q(0.02) X 2 X 10° x sin 30° 
= (=; 
0.02 x 2x10" x5 
=> q = 0.002 C 
q =2 mC 
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46. 


47. 


48. 
49. 


50. 


ahs 


52. 


aa. 


54. 


9 


59. 


60. 
61. 
63. 


66. 


> = Electric field. Area 
=[MLT° A [L7] 
= [MIL> T° A‘) 
Gauss’s law is based on the inverse square dependence on distance contained in the 
Coulomb’s law. 
Gaussian surface encloses the charge. 
Electric field inside a conductor is zero. 
According to Gauss’s law electric flux is + times the charge enclosed by the surface and is 


0 
independent of the shape and size of the surface. 


Net charge carried by electric dipole = 0 
<”. flux = 0. 
Electric flux through whole cube = a 
0 
Electric flux through one surface = a 
0 


As we know 


Yr Yr 


Flux through whole cube = + 
0 


q4 qx10® 


through one surface = 
8 6E osf 


0 


l 
As we know that one face 4 corner = Xl race 





4 
TOET 
Ey 246 
For an infinite sheet to charge, E = 1 (independent of distance) 


ra 
0 
The electric flux entering and leaving the cylindrical surface is same > = E TR? — ExR* =0 
= E X (Normal surface area) = E X nR° = nR? E 
The direction of dipole moment from -q to + q. 
LAO NG 


Paes 


For a dielectric of dielectric constant K between the charges, the effective separation in air 
reg 1S given by 
1 Ak 1 Ahk 


ane; he ANE) Kr? 





> ‘eff = /Kr 
Faz : dido 5 
NE (z+ Et) 
2 2 
B Pll 4 
9 
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68. (a) The smallest charge is charge on electron = 1.6 X iC Cc. 
69. (b) O=ne 

l=nx 1.6 x 10% 

n = 6.25 X 10"° 

Here, | F42 |=| Fas + F4 | 


KQ _ 2KO] 1 


70. (a 


N“ 








2a)? a y2 


) 
=> > = 2/2 (where Q and q is opposite in sign) 


=> 


71. (b) Charges given plus charges induced on outer surfaces of the 
spheres are Q;, Q; + Qs and Q; + Qo + Qs. 
As surface charge densities on outer surfaces of the spheres are 
equal, 2.e., 


S1 = So = Sg 


Q, _ AFR _ Qı tQ tQ; 





4mR* 4n(2R)° 4m (3R)° 


Q_ Q tQ _ Q, tQ tQ, 
I 4 9 


By Solving, we get 


QS > Q,:05:0, =1:3:5 


72. (d) By symmetry, the net electric field is in negative y-axis and is given by 





—> 


E = -f dE, sin 8 j 
d : 
a a eee 
r 


ATE, 


But do = se o 
Tr T 








= q T ° Ta q 0) T^ 
ae J sin 0 d0 j mer [- cos Oloj 


A 
. 


C2) = — t} 


An er? On? Ey r? 


73. (b) As we know that electric field due to point change 
KQ l 
L= 1.0., Baa 
r° i 
74. (b) Given: F = 1.2 N; x = 0, 1 m, 4 m, 8 m, 16 m.... 
kg? 
Now, F =—>- 
x 


So, net force that is sum of forces by other charges is given as: 
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75. 


78. 


80. 


81. 











F= kg? e rz pgg ones 
>| | l l l 1 9 I 9 4 
=> F=hkg pe oe 6 oe veces = kq i t = kq Xz 
4 
3 F 3 12 l 
2 _ 2 _ = ae 
=> = — XxX — = — xX => = = 10 
14h 4^ 9x 109 1 10x 109 


q = 10°C = 10C 


(a) no net charge is enclosed by the surface. 


(c) always a force and a torque 
; ded 
(a) Electric flux = — 
0 


Od =1C 





l 
p= 
Eo 
(b) Charge distribution on the spheres is not uniform. 
oe 
(a) Flux = E, 


Net charge enclosed and permittivity of medium. 
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12 ELECTROSTATIC POTENTIAL 
AND CAPACITANCE 





IMPORTANT FORMULAE 


1. Electric Potential: Ab iain 
Due to a charged conducting sphere or charged spherical shell of radius R. : 





l , 1 4 n l 1 4 
(2) Inside, V5 ¢4¢ ane, R (r < R) (vu) Outside, Vu ane, 7 (r>R) 
2. Relation between electric field and potential, 
E= E = á (numerically) 
dr r 


3. Work done in taking a charge q from one point to another in electric field. 
W = q(V3 — Vj) joule 
where V} = potential at initial point, 
V, = potential at final point. 
4. Work done in carrying a charge on equipotential surface is always zero. 


5. Electric potential due to dipole, 
l Pp 


(i) at axial point V,,, =—— =: 
ATE, T 


(ii) at an equatorial point V= 0 


6. Capacitance for isolated conductor, C = = 


V 
Cue 
7. Dielectric constant K = ET medium 
z Cair 
8. Capacitance of parallel plate capacitor 


E N 





(i) CS in air 


Ke,A 
(wi) C= FE when medium of dielectric constant K fills the space between plates. 


(iii) When the space between the plates is partly filled with a dielectric of thickness t, then 
eA 


11. Combination of Capacitors: 


capacitance C = 


(a) Capacitors in series: 


(i) Net capacitance C is given by 


1 1l 1l 
.& AG 
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(it) In series charge is the same on all capacitors 
qı = q2 = 43 
(iii) Net potential difference V= V, + Və + V3 
(b) Capacitors in Parallel: 
(t) Net capacitance, C = C, + C, + Cs 
(it) Potential difference is same across all capacitors 
V, = V= V3 = V (same for all) 
(iii) Charge, q = q1 + qə + q3 
12. Energy stored in a capacitor, 
u =+¢p? -Q loy 
2 2C 2 
13. Electrostatic energy density, 


U, = ZEE (n air) and sek (in medium) 


Effect of Introducing a dielectric between plates of a 
charged parallel plate capacitor 


S. Physical When battery When battery is removed before 
No. Quantity remains connected introduction of dielectric 
To | charge @ 


3) 





MULTIPLE CHOICE QUESTIONS 


Choose and write the correct option in the following questions. 


1. The ratio of charge to potential of a body is known as 
(a) capacitance (b) inductance 
(c) conductance (d) resistance 


2. On moving a charge of 20 C by 2 cm, 2 J of work is done. Then the potential difference 
between the points is 


(a) 0.1 V (b) 8V 
(c) 2V (d) 0.5 V 
3. In brining an electron towards another electron, the electrostatic potential energy of the system 
(a) increases (b) decreases 
(c) remains unchanged (d) becomes zero 


4. Electric potential of earth is taken to be zero, because earth is a good 
(a) insulator (b) conductor 


(c) semi-conductor (d) dielectric 
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Some charge is being given to a conductor. Then, its potential 
(a) is maximum at surface. 

(b) is maximum at centre. 

(c) remains the same throughout the conductor. 


(d) is maximum somewhere between surface and centre. 


Equipotential surface associated with an electric field, which is increasing in magnitude along 
the X-direction, are 

(a) planes parallel to YZ-plane. 

(b) planes parallel to XZ-plane. 

(c) planes parallel to XY-plane. 

(d) coaxial cylinder of increasing radii around the X-axis. 

What is angle between electric field and equipotential surface? 

(a) 90° always (b) 0° always 

(c) 0° to 90° (d) 0° to 180° 

A positively charged particle is released from rest in an uniform electric field. The electric 
potential energy of the charge [NCERT Exemplar] 
(a) remains a constant because the electric field is uniform. 

(b) increases because the charge moves along the electric field. 

(c) decreases because the charge moves along the electric field. 

(d) decreases because the charge moves opposite to the electric field. 


Figure shows some equipotential lines distributed in space. A charged object is moved from 
point A to point B. [NCERT Exemplar] 


qov 20V 30v 40v 50v 10V20V 50v 410V 20v 40V 50V 
(i) (ii) (iii) 
(a) The work done in Fig. (¢) is the greatest. 
(b) The work done in Fig. (22) is least. 
(c) The work done is the same in Fig. (7), Fig. (22) and Fig. (w2). 
(d) The work done in Fig. (it) is greater than Fig. (t) but equal to that in Fig. (2). 
The electrostatic potential on the surface of a charged conducting sphere is 100 V. Two 
statements are made in this regard: [NCERT Exemplar] 
S; : At any point inside the sphere, electric intensity is zero. 
Sə : At any point inside the sphere, the electrostatic potential is 100 V. 
Which of the following is a correct statement? 
(a) S, is true but So is false. 
(b) Both S, and S2 are false. 
(c) S, is true, So is also true and S; is the cause of So. 
) 


(d) S; is true, So is also true but the statements are independent. 
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Equipotentials at a great distance from a collection of charges whose total sum is not zero are 
approximately [NCERT Exemplar] 
(a) spheres (b) planes (c) paraboloids (d) ellipsoids 

Four capacitors, each 50 uF are connected as shown. The DC voltmeter V reads 100 V. The charge 
on each plate of each capacitor is 





(a) 2 xX 10°C (b) 5 x 10°C (c) 0.2C (d) 0.5 C 


A parallel plate capacitor is made of two dielectric blocks in series. One of the blocks has 
thickness d, and dielectric constant k, and the other has thickness dy and dielectric constant 
kə as shown in figure. This arrangement can be thought as a dielectric slab of thickness d (= 
d,+d.) and effective dielectric constant k. The k is [NCERT Exemplar] 


A O 


WLLL 
ANNA 





i ae 
1' “2 a 
kk, (d, + d,) 2k, k, 
O hd thd, Tae 
Equipotential surfaces [NCERT Exemplar] 


(a) are closer in regions of large electric fields compared to regions of lower electric fields. 

(b) will be more crowded near sharp edges of a conductor. 

(c) will be more crowded near regions of large charge densities. 

(d) all of the above 

A 2 uF capacitor is charged to 200 volt and then the battery is disconnected. When it is 
connected in parallel to another uncharged capacitor, the potential difference between the 
plates of both is 40 volt. The capacitance of the other capacitor is 

(a) 2 uF (b) 4 uF (c) 8 uF (d) 16 uF 


Two identical metal plates, separated by a distance d form a parallel-plate capacitor. A metal 
sheet of thickness d/2 is inserted between the plates. The ratio of the capacitance after the 
insertion of the sheet to that before insertion is 


(a) V2 :1 (b) 2:1 (c) 1:1 (d) 1:2 

n identical capacitors joined in parallel are charged to a common potential V. The battery is 
disconnected. Now, the capacitors are separated and joined in series. For the new combination: 
(a) energy and potential difference both will remain unchanged 

(b) energy will remain same, potential difference will become nV 

(c) energy and potential both will become n times 


(d) energy will become n times, potential difference will remain V 
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The capacitance of a capacitor becomes 6 times its original value if a dielectric slab of 
thickness t= zd is introduced in between the plates, where d is the separation between the 


plates. The dielectric constant of the slab is 
14 7 11 


11 
(a) 7] (6) T4 (c) 7] a) z 
Two capacitors of capacitances 3 uF and 6 uF are charged to a potential of 12 V each. They are 
now connected to each other, with the positive plate of each joined to the negative plate of the 
other. The potential difference across 3 uF will be 
(a) 3 V (b) zero (c) 6 V (d) 4V 
The plates of a parallel plate capacitor are 4 cm apart, the first plate is at 300 V and the second 
plate at — 100 V. The voltage at 3 cm from the second plate is 
(a) 200 V (b) 400 V (c) 250 V (d) 500 V 
The potential of a charged spherical conductor of radius r is 10 V. The potential at a point 
T from its centre is 
(a) 20 V (b) O (c) 10 V (d) 40 V 


Proton has a mass of 1840 times that of an electron. If a proton is accelerated from rest by a 
potential difference of 1 volt, its kinetic energy is 


(a) 1840 eV (b) l eV (c) l meV (d) O 
When charge is supplied to a conductor, its potential depends upon 

(a) the amount of charge (b) geometry and size of conductor 
(c) both (a) and (b) (d) only on (a) 


A dipole is placed parallel to electric field. If W is the work done in rotating the dipole from 
0° to 60°, then work done in rotating it from 0° to 180° is 


(a) 2 W (b) 3 W (c) 4 W @) > 


A charge Q is supplied to a metallic conductor. Which of the following statements is correct? 
(a) Electric field inside it is same as on the surface. 

(b) Electric potential inside is zero. 

(c) Electric potential on the surface is zero. 

(d) Electric potential inside it is constant. 


Work done to bring a unit positive charge un-accelerated from infinity to a point inside electric 
field is.called 
(a) electric field (b) electric potential 


(c) capacitance (d) electric flux 


Electric potential due to a point charge -q at distance x from it is given by 








k k 
(a) = 6) = 
—kq —kq 
d 
(c) x2 ( ) X 


Electric field is always 

(a) parallel to equipotential surface 

(b) perpendicular to equipotential surface 

(c) it can be perpendicular and parallel as well 


(d) it does not depends on distribution of charge 
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The electric potential due to an electric dipole at an axial point, distant r from the dipole is 
related to r as 


(a) r (b) (c) 7 (d) 
A positive charge Q' is moved around another positive charge Q on circular path. If the radius 
of the circular path is r, the work done on the charge Q’ in making one complete revolution 
is 

Q QQ’ Q 


4er (2) 4Ter ) zane (4) 4TEr 











(a) 


The electric potential at a point in an electric field has the unit of 


(a) Nm*/C (b) Nm/C (c) NC/m (d) Cm/N 

An electron is accelerated under a potential difference of 200 V. Energy gained by itin electron 
volt is 

(a) 50 eV (b) 100 eV (c) 200 eV (d) 400 eV 


There exists a potential difference of 5 V between two points inan electric field. Work done in 
moving a charge of 7 C from one point to the other is 

(a) 5/7] (b) 7/5 J (c) 35 J (d) 1/35 J 

A charge g contain n electrons each of mass m. This charge is accelerated under the potential 
difference V. The speed acquired by the charge is 


y qV 3 
a) (= o (= © (= a) (— 


A test charge qo is brought from infinity along the perpendicular bisector of an electric dipole. 





The work done on qo by the electric field of the dipole is 

(a) zero (b) negative 

(c) positive (d) proportional to go 

If 1000 droplets each of charge q and radius r are combined to form a big drop, then the 
potential of big drop, as compared to small droplet will be 

(a) 1000 times (b) 100 times (c) 10 times (d) 10* times 


The diagrams below show regions of equipotentials. 


V 40V 20V 40V 10V 30V 


30V 10V 30 V 
I II III IV 


A positive charge is moved from A to B in each diagram. 

(a) In all the four cases the work done is the same. 

(b) Minimum work is required to move q in figure (I). 

(c) Maximum work is required to move q in figure (II). 

(d) Maximum work is required to move q in figure (III). 

Capacitor is a device used to store 

(a) charge (b) electrostatic energy 
(c) electric field (d) none of these 
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Unit of capacitance is 

(a) volt (b) coulomb 

(c) ohm (d) farad 

A parallel plate capacitor is charged by a battery. Once it is charged, the battery is removed. 
Now a dielectric material is inserted between the plates of the capacitor, which of the following 
does not change? 

(a) Electric field between the plates (b) Potential difference across the plates 

(c) Charge on the plates (d) Energy stored in the capacitor 


A parallel plate capacitor C has a charge Q. The actual charges on the plates are 


(a) Q, Q 0) Soo 
(c) Q, -Q (d) += 


Three capacitors of capacitances 1 uF, 2 uF & 3 uF are connected in series and a potential 
difference of 11V is applied across the combination then the potential difference across the 
plates of 1 uF capacitor is 


C1 C2 C3 


a 


i 11V 
(a) 2 V (b) 3 V (c) 4V (d) 6 V 
On reducing potential across a capacitor, its capacitance 
(a) decreases (b) increases 
(c) remains constant (d) first increases then decreases 
A charge Q is supplied to a metallic conductor. Which of the following is correct? 
(a) More in case of sphere (b) More in case of cube 
(c) Same in both cases (d) Information incomplete 


Energy stored in a in acharged capacitor is given by: 
CV CV" 9 VC? 
@) 5 ) (©) 2 CV @) 5 
If n number of equal capacitors each of capacitance C are connected in series then equivalent 
capacitance will be given as: 


(a)nXC (b) < (c)n+C (d) n°C 


Capacitance of parallel plate capacitor when there is no medium between the plates is Co. If 
capacitor is now completely filled with dielectric matter of constant K then capacitance is 


(a) (b) KC (c) K°Cg (d) 2KCo 


A parallel plates capacitor is charged by connecting a battery across its plates. If the battery 
remains connected and a dielectric material is inserted in between the plates of the capacitor, 
then 


(a) potential difference across the capacitor increases 
(b) electric field remains the same 
(c) capacitance increases 


(d) all the above 
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The capacitance of spherical conductor of radius 10 m is 








(a) 10 farad (b) 19 x 10° farad 
l l 

C farad d farad 

0) 9x10° (2) 9x108 


Four capacitors, each of capacitance 0.5 uF are connected in parallel. The resultant capacitance 
of the combination is 
(a) 0.5 uF (b) 0.125 uF (c) 2 uF (d) 4 uF 


Three capacitors, each of capacitance 1 uF are connected in series. The resultant capacitance 
of the combination is 


l 2 
(a) uF (0) = uF (c) 3 uF (d) 0.5 uF 
The relation between the capacitance of an isolated spherical conductor situated in air and its 
radius is: 
(a) Car (b) Ca l/r (c) Car (d) Car? 


Two points P and Q are maintained at the potential of 10 V and -4 V respectively. The work 
done in moving 100 electrons from P to Q is 

(a) -10 x 1077] (b) 9.60 x 1077 J 

(c) -2.24 x 107° J (d) 2.24 x 107°] 

A parallel-plate capacitor, with air between the plates has capacitance 3 uF. If the capacitor is 
immersed in liquid of dielectric constant 4.0, its capacitance will be 

(a) 0.75 uF (b) 1.5 pF (c) 6 uF (d) 12 uF 

The distance between the plates of a parallel plate capacitor of capacitance C is doubled. Its 
new capacitance will be 


(a) 2C (b) 5c (c) C? (d) 4C 


Which of the following is the correct relation among the capacitance, potential & charge? 


(a) q = CV (b) q =C°V (c) q = CV? (d) q = CV ` 

What is the area of the plates of a 3F parallel plate capacitor, if the separation between the 
plates is 5 mm? 

(a) 1.694 x 10° m* (b) 4.529 x 10° m’ 

(c) 9.281 x 10°m* (d) 12.281 X 10° m? 

A parallel plate capacitor has plates with area A and separation d. A battery charges the plates 
to a potential difference V,. The battery is then disconnected and a dielectric slab of dielectric 
constant K and thickness d is introduced. The ratio of energy stored in the capacitor before 
and after the slab is introduced is 


(a) K 0) = (c) K? d) -z 


Five capacitors are connected as shown in the figure. The equivalent capacitance between A 
and B is 


2 uF 
^ 
| 4 ur 
THF 4 uF 
B | 4 
2 LF 
(a) 1 uF (b) 2 uF (c) 3 uF (d) 4 uF 
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A capacitor is charged by a battery. The battery is removed and another identical uncharged 
capacitor is connected in parallel. The total electrostatic energy of resulting system 

(a) decreases by a factor of 2 (b) remains the same 

(c) increases by a factor of 2 (d) increases by a factor of 4 

8 small droplets of water of same size and same charge form a large spherical drop. The 
potential of the large drop, in comparison to potential of a small drop, will be 

(a) 2 times (b) 4 times (c) 8 times (d) same 

A capacitor is charged through a p.d. of 200 volts and possesses charge of 0.1 coulomb. When 
discharged it would release an energy of 


(a) 1J (b) 2J (c) 10J (4) 20 J 
A 500 uF capacitor is charged at a steady rate of 100 uC per second. A potential difference of 
10 V will be developed between the capacitor plates after 


(a) 5s (b) 10s (c) 20s (d) 50s 

A parallel-plate capacitor has a plate area of 2 m° and a plate separation of 10 cm. It carries a 
charge of 8.85 x 10°'° C. The electric field is 

(a) zero between the plates 

(b) zero outside the plates 

(c) different at different points between the plates 

(d) 25 NC‘ between the plates 


A capacitor of capacitance 2uF has been charged to 200 V. It is now discharged through a 
resistance, the heat produced in the wire is 

(a) 400 J (b) 0.02 J (c) 0.04 J (d) 0.08 J 

An air filled parallel plate capacitor has a capacitance 1 pF. The separation of the plates is 
doubled and wax inserted between them, which makes the capacitance 2 pE This implies that 
dielectric constant of wax is 


(a) 2.0 (b) 4/3 (c) 4.0 (d) 8.0 

Three capacitors of capacitance 3 uF, 9 uF and 18 uF are connected first in series and then in 
parallel. The ratio of equivalent capacitance in two cases (C,/C,) will be 

(a) 1:15 QD 5 : 1 (c) 1:1 (d) 1:3 

Two identical capacitors joined in parallel are charged to a common potential V/2. The 
battery is disconnected. Now, the capacitors are separated and joined in series. For the new 
combination: 

(a) Energy and p.d. both will remain unchanged. 

(b) Energy will remain same, p.d. will become V. 

(c) Energy and potential both will become 2 times. 

(d) Energy will become 2 times, p.d. will remain V. 

A parallel plate capacitor with air between the plates has a capacitor of 9 pF. The separation 
between its plates is ‘d’. The space between its plates is now filled with two dielectric. One 


of the dielectrics has dielectric constant K, = 3 and thickness d while the other one has 


3 
dielectric constant K, = 6 and thickness ze . Capacitance of the capacitor is now 
(a) 40.5 pF (b) 20.25 pF 
(c) 1.8 pF (d) 4.5 pF 
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The capacitance of a capacitor becomes $ times its original value if a dielectric slab of 


; ae i Í i 
thickness t = zd is introduced in between the plates, where d is the separation between the 


plates. The dielectric constant of the slab is 


14 11 8 11 
(a) 6 i © d = 
Two capacitors of capacitances 3 uF and 6 uF are charged to a potential of 12 V each. They are 
now connected to each other, with the positive plate of each joined to the negative plate of the 


other. The potential difference across each will be 

(a) 3 V (b) zero (c) 6V (d) 4V 

The plates of a parallel plate capacitor are 4 cm apart, the first plate is at 300 V and the second 
plate at — 100 V. The voltage at 1 cm from the first plate is 

(a) 200 V (b) 400 V (c) 250 V (d) 500 V 

If the potential of a capacitor having capacitance 6 uF is increased from 10 V to 20 V, the 
increase in energy is 

(a) 9 X 10*] (b) 4.5 x 10° J 

(c) 12 x 10°F (d) 2.25% 10°] 

A battery is used to charge a parallel plate capacitor till the potential difference between the 


plates becomes equal to the emf of the battery. The ratio of the energy stored in the capacitor 
and the work done by the battery will be 


(a) 2 0) | D > (d) 1 


Three concentric spherical shells have radii a, b and c (a < b < c) and have surface charge 
densities ©, — ©, © respectively. If V,,V, and Vç denote the potentials of the three shells, then 
for c = a + b, we have 

(a) Vo = Vg + Va (b) Vo = Vg + V4 

(c) Vo = Vg = Va (d) Vo = V4 +* Vg 

The electric potential at a point (x, y, z) is given by V = —x°y — xz? + 4. The electric field E at 
that point is 


(a) E =2xyi P + y) 7 + (3x - y) Ê (b) E =2 i +xyzj +z k 
(c) E =(2xy = 2) i +? 7 +322x hk (d) E =(2xy +2?) i +x? j + 3x2? Å 
Three capacitors each of capacitance C and of breakdown voltage V are joined in series. The 


equivalent capacitance and breakdown voltage of the combination will be 


(a) 30,5 (b) &, 8V (c) 3C, 3V (d) 5, 


V 

3 

A particle A has charge + q and particle B has charge + 4q with each of them having the same 
mass m. When allowed to fall from rest through same electrical potential difference, the ratio 
of their speeds v, : vg will become 


(a) 2:1 (b) 1:2 (c) 1:4 (d) 4:1 

The electric potential V at any point x, y, z (all in metres) in space is given by V = 4x” volt. The 
electric field at the point (1 m, 0, 2 m) in volt/metre is 

(a) 8 along negative X-axis (b) 8 along positive X-axis 

(c) 16 along negative X-axis (d) 16 along positive Z-axis 
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Two identical thin rings, each of radius R metre are co-axially placed at distance R metre 
apart. If Q} and Q, coulomb are respectively the charges uniformly spread on the two rings, 
the work done in moving a charge q from the centre of one ring to that of the other is 


(a) zero p LQ- -D 


/2.4ne,R 
qv 2 (Q; - Q) p 1&-Q)(V2 + 1) 
©) 4mE)R (a) V2 .4TE,R 


A particle of mass 2 g and charge 1 uC is held at rest on a frictionless horizontal surface at a 
distance of 1 m from the fixed charge of 1 milli coulomb (mC). If the particle is released it will 
be repelled. The speed of the particle when it is at a distance of 10 m from the fixed charge is 


(a) 100 m/s (b) 90 m/s (c) 60 m/s (d) 45 m/s 


A hollow charged metal sphere has radius r. If the potential difference between its surface and 
a point at distance 3r from the centre is V, then the electric field intensity ata distance 3r from 
the centre is 


V V V V 
(2) 6r (b) 4r (c) 3r (4) 2r 
When a charge of 3 C is placed in a uniform electric field it experiences a force of 3000 N. The 
potential difference between two points separated by a distance of 1 cm within this field is 


(a) 10 volt (b) 90 volt (c) 1000 volt (d) 3000 volt 


A uniform electric field having magnitude and direction along positive X-axis exists. If the 
electric potential V is zero at x = 0, then its value at x = + x will be 

(a) V, = xEo (b) V, = -xE0 (c) Vy = =x" Ep (d) V, = -x°Eo 

A metallic shell has a point chargeg keptinside a cavity. Which one of the following diagrams 
correctly represents the electric lines of force? 


(a) () B- 
(0) (a) © 


Two thin wire rings, each having a radius R are placed at a distance ‘d’ apart with their axes 
coinciding. The charge on the two rings are + q and - q. The potential difference between the 
centres of the two rings is 








q ji _ 1&1 qR 
(a) 7 (b) 
2E LE VR? +d? 4re,d? 
Eoo doo 
O Trel RVR +e ae 
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An electric charge of 10° uC is placed at the origin (0, 0) of XY coordinate system. Two points 
A and B are situated at (y2 , /2 ) and (2, 0) respectively. The potential difference between the 
points A and B will be 

(a) zero (b) 2V (c) 4.5 V (d) 9 V 


A parallel plate air capacitor is connected to a battery. The quantities charge, voltage, electric 
field and energy associated with the capacitor are given by Qp, Vo, Eo and Up respectively. A 
dielectric slab is now introduced to fill the space between the plates with a battery still in 
connection. The corresponding quantities now given by Q. VŅ E and U are related to previous 
ones as 


(a) Q= Q, (b) V> Vo (c) E > Ey (d) U > Ug 


A number of condensers, each of capacitance 1uF and each one of which gets punctured if a 
p.d. just exceeding 500 V is applied, are provided. Then an arrangement suitable for giving a 
capacitor of capacitance luF across which 3000 volts may be applied requires at least 

(a) 6 component capacitors (b) 12 component capacitors 


(c) 72 component capacitors (d) 36 component capacitors 


A parallel-plate capacitor of plate area A and plate separation d is charged to a potential 
difference V and then the battery is disconnected. A slab of dielectric constant K is then 
inserted between the plates of the capacitor so as to fill the space between the plates. If q, E 
and W denote respectively the magnitude of charge on each plate, the electric field between 
the plates (after the slab is inserted) and work done by the system, in question, in the process 
of inserting the slab, then which of the following is false? 








E€ AV E€ KAV 
(@) q=— Gq 0) q=— 

v a 1 
c) E= ka a) W=- l-%) 


Two identical metallic plates are given positive charges Q, and Q, (Q, < Q,). If these plates 
are brought together to form a parallel plate capacitor, then potential difference between them 


will be 


Q+ Q +Q, o) 22% Q -Q 
2C C 


(a (0) a (@) “xc 


Consider a situation shown in figure. The capacitor A has charge g on it whereas B is uncharged. 
The charge appearing on the capacitor B, a long time after the switch S is closed is 


- S 


+ + + + + + 


(a) zero ) $ ©) q (d) 24 


Each of two identical capacitors has capacitance C, one of them is charged to a potential V} and 
the other to a potential V,. The negative terminals of capacitors are connected together. When 
their positive terminals are also connected together, then energy loss of whole system is 


a) ~CW2-V2)  @ GOW? +H) @ tem-  @ Ecu +H, 
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V,=30V v= 20 V 
S; a 2 


pee) 
C,= 2pF a -SpF 


(a) With S, closed, V, = 15 V, V = 20 V. 

(b) With S, closed, V,; = V, = 25 V. 

(c) With S; and S closed, V; = Vs = 0. 

(d) With S, and S; closed, V,; = 30 V, V = 20 V. 


A parallel plate capacitor is made by stacking n equally spaced plates connected alternatively. 
If the capacitance between any two adjacent plates is ‘C’, then the resultant capacitance is 


(a) (m+ 1)C (b) (n-1)C (c) nC (d) C 


A fully charged capacitor has a capacitance C. It is discharged through a small coil of resistance 
wire embedded in a thermally insulated block of specific heat capacity ‘s’ and mass ‘m’. If the 
temperature of the block is raised by AT the potential difference V across the capacitance is 


(a) mG AT (b) / aut AT (c) / ams AT (d) ms BT 


Two spherical conductors A and B of radii 1 mm and 2 mm are separated by a distance of 5 
cm and are uniformly charged. If the spheres are connected by a conducting wire, then in 
equilibrium condition, the ratio of the magnitudes of the electric fields at the surfaces of 
spheres A and B is: 

(a) 4: 1 (b) 1:2 (ee (d) 1:4 


A network of six identical capacitors, each of value C is made as shown in fig. The equivalent 
capacitance between points A and B is 


TEEL 


a $ (6) “6 © $C (d) $C 


A parallel plate capacitor with a dielectric of dielectric constant K between the plates has a 
capacitance C and is charged to a potential V volts. The dielectric slab is slowly removed from 
between the plates and then reinserted. The net work done by the system in this process is 


CV? (K -1) 


(a) 7 (b) (K -= 1) CV? (c) zero (d) 5 (K- 1) CV? 


If 343 droplets each of charge q and radius r are combined to form a big drop, then the 
potential of big drop, as compared to small droplet will be 
(a) 343 times (b) 49 times (c) 7 times (d) none of the above 


An electric dipole consisting of charges + q and — q separated by a distance L is in stable 
equilibrium in a uniform electric field E . The electrostatic potential energy of the dipole is 

[CBSE 2020 (55/1/1)| 
(a) qLE (b) zero (c) —qgLE (d) -2 gEL 
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102. Ifa positive charge in displaced against the electric field in which it was situated, then 
[CBSE 2020 (55/3/1)| 
(a) work will be done by the electric field on the charge. 
(b) the intensity of the electric field decreases. 
(c) energy of the system will decrease. 
(d) energy will be provided by external source displacing the charge. 
103. The capacitors of capacitances C} and C, are connected in parallel. If a charge Q is given to 
the combination, the ratio of the charge on the capacitor C, to the charge on C, will be 
[CBSE 2020 (55/3/1)| 
C, C, Cy C, 
Oia (b) Ja OT d g 
104. A charge Q is kept at the centre of a circle of radius r. A test charge qo, is carried from a point X to 
the point Y on this circle such that are XY subtends an angle of 60° at the centre of the circle. The 
amount s of work done in this process will be [CBSE 2020 (55/3/2)]| 
(a) l Q4% (b) l V3. Q 
AREg 2r MEg A 
(c) zero (d) ' V3 QM 
Inar NW 
105. A parallel plate capacitor is charged to V volt by a battery. The battery is disconnected and the 
separation between the plates is halved. The new potential difference across the capacitor will 
be [CBSE 2020 (55/3/2)| 
(a) 5 (b) V 
V 
(c) 2V (d) a 
106. Acharge Q is uniformly distributed over the surface of a spherical shell of radius R. The work 
done in bringing a test charge Q, from its centre to its surface is [CBSE 2020 (55/3/3)| 
@ » 
ANE A ANE 2R 
(c) 5 (d) zero 
Answers 
1. (a) 2. (a) 3. (a) 4. (b) 5. (c) 6. (a) 7. (a) 8. (c) 
9. (c) 10. (c) 11. (a) 12. (b) 13. (c) 14. (d) 15. (c) 16. (b) 
17. (b) 18. (a) 19. (d) 20. (a) 21. (c) 22. (b) 23. (c) 24. (c) 
25. (d) 26. (b) 27. (d) 28. (b) 29. (d) 30. (c) 31. (b) 32. (c) 
33. (c) 34. (b) 35. (a) 36. (b) 37. (a) 38. (b) 39. (d) 40. (c) 
41. (c) 42. (d) 43. (c) 44. (c) 45. (b) 46. (b) 47. (b) 48. (c) 
49. (d) 50. (c) 51. (a) 52. (a) 53. (d) 54. (d) 55. (b) 56. (a) 
57. (a) 58. (b) 59. (b) 60. (a) 61. (b) 62. (c) 63. (d) 64. (b) 
65. (c) 66. (c) 67. (a) 68. (b) 69. (a) 70. (c) 71. (b) 72. (a) 
73. (a) TA. (c) 75. (d) 76. (d) 77. (b) 78. (b) 79. (a) 80. (b) 
81. (b) 82. (a) 83. (a) 84. (b) 85. (c) 86. (a) 87. (a) 88. (d) 
89. (d) 90. (b) 91. (c) 92. (c) 93. (c) 94. (d) 95. (b) 96. (c) 
97. (c) 98. (d) 99. (c) 100. (b) 101. (c) 102. (d) 103. (a) 104. (c) 
105. (a) 106. (d) 
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CASE-BASED QUESTIONS 


Attempt any 4 sub-parts from each question. Each question carries 1 mark. 





1. FARADAY CAGE: 


A Faraday cage or Faraday shield is an enclosure made of a 
conducting material. The fields within a conductor cancel out 
with any external fields, so the electric field within the enclosure 
is zero. These Faraday cages act as big hollow conductors you can 
put things in to shield them from electrical fields. Any electrical 
shocks the cage receives, pass harmlessly around the outside of 
the cage. [CBSE Sample Paper 2021] 





(i) Which of the following material can be used to make a Faraday cage? 


(a) Plastic (b) Glass 
(c) Copper (d) Wood 
(ii) Example of a real-world Faraday cage is 
(a) car (b) plastic box 
(c) lightning rod (d) metal rod 
(iii) What is the electrical force inside a Faraday cage when it is struck by lightning? 
(a) The same as the lightning (b) Half that of the lightning 
(c) Zero (d) A quarter of the lightning 
(iv) An isolated point charge +q is placed inside the Faraday cage. Its surface must have charge 
equal to 
(a) zero (b) +q 
(c) -4 (4) +2q 


(v) A point charge of 2 uC is placed at centre of Faraday cage in the shape of cube with surface 
of 9 cm edge. The number of electric field lines passing through the cube normally will be 


(a) 1.9 X 10° Nm?/GC entering the surface 
(b) 1.9 xX 10° Nm?/C leaving the surface 
(c) 2.0 X 10° Nm’/C leaving the surface 
(d) 2.0 X 10° Nm/C entering the surface 


Answers 
I. (i 
(ii 


) 
) 
(iii) 
) 
) 


(c) Copper (Electric field inside a conductor is zero.) 


(a) car (Body of the car is made up of conductor.)\ 


—q (As from Gauss’s law q;„ must be zero for electric field inside it is zero.) 


) 

c) Zero (As electric field inside it is zero.) 
(tu) (c) 
) 


( 
(c 
(v) (c)q=2uC=2x10°C 





2 
e, = 8.85 x 1072 2IL 
din xI a 
Now, total number of electric field ines = — = —— T 
0 8.85x 107 
2 
= 2.2x10° aa leaving the surface 
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2. EQUIPOTENTIAL SURFACES: 
All points in a field that have the same potential can be imagined as lying on a surface called an 
equipotential surface. When a charge moves on such a surface no energy transfer occurs and no 
work is done. The force due to the field must therefore act at right angles to the equipotential 
surfaces and field lines always intersect at right angles. 


Equipotential surfaces for a point charge are concentric spheres; there is a spherical symmetry. 
If the equipotential are drawn so that the change of potential from one to the next is constant, 
then the spacing will be closer where the field is stronger. The closer the equipotentials, the 
shorter the distance that need be travelled to transfer a particular amount of energy. The surface 
of a conductor in electrostatics (2.e., one in which no current is flowing) must be an equipotential 
surface since any difference of potential would cause a redistribution of charge in the conductor 
until no field exist in it. 


Field lines Field lines 





Equipotentials 


Equipotentials 


(i) Equipotential surface at a great distance from a collection of charges whose total sum is 
not zero are approximately 


(a) spheres (b) planes 
(c) paraboloids (d) ellipsoids 
(ii) Two equipotential surfaces have a potential of — 20 V and 80 V respectively, the difference 
in potential between these surfaces is 
(a) 100 V (b) 90 V 
(c) 80 V (d) OV 
(iii) Equipotential surfaces 


(a) are closer in regions of higher electric fields compared to the regions of lower electric 


fields 
(b) will be more crowded near sharp edges of a conductor 


(c) will be more crowded near regions of large charge densities 


(d) all of the above 
(iv) The work done to move a charge along an equipotential from A to B 
B B 
(a) cannot be defined as — | E.dl (b) must be defined as — | E.dl 
A A 
(c) is zero (d) can have a non-zero value 


(v) The shape of equipotential surface for an infinite line charge is 
(a) parallel plane surface 


(b 
(c 


(d) none of these 


) parallel plane surface perpendicular to lines of force 
) 


coaxial cylindrical surface 
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Answers 


2. (tz) (a) A collection of charge located at a very large distance may be considered as a point 
charge. Also, the equipotential surfaces for a point charge are spherical. Therefore, the 
equipotential surfaces for a collection of charge form spheres. 

(u) (a) Equipotential surface has same voltage (potential) at every point on the surface. 
t.e., Vi =- 20 V, V = 80 V 
AV = V,-V, = 80 - (-20) = 100 V 
So, AV = 100 V 
(iii) (d) 
dV 


(I) Relation between electric field E and potential gradient is E = — dy” So, electric field 


intensity is inversely proportional to the separation between equipotential surfaces. 


(II) The electric field is larger near the sharp edges, due to larger charge density as A is very 
small. 


q A i 
0 =, SO, equipotential surfaces are closer or crowded. 


K 
(III) As the electric field E = —> 


z and potential or field decreases as size of body increases or 
r 


(vice-versa). So, equipotential surfaces are more crowded if the charge density (o = 1) 


increases. 


(wv) (c); As the potential on equipotential surface does not change so (Və — V1) = 0 
and W = (Vo-V,)q = 0 
So, work done in moving a charge on equipotential surface is zero. 


(v) (c); The shape of equipotential surface for infinite line charge is coaxial cylindrical surface. 


3. THE PARALLEL-PLATE CONDENSATOR: 


A condensator is a device that stores electrical Surface 
energy in an electric field. It is a passive charge density o 
electronic component with two terminals. 
Condenser or condensator are commercial 

names of capacitor. The effect of a capacitor is 


known as capacitance. E | | | | | d 
Today capacitors (condensator) are widely 
used in electronic circuits for blocking dc 

current while allowing ac current to pass. 
In electric power transmission system, they Surface 

í charge density — o 

stablize voltage and power flow. The property 

of energy storage in capacitor was exploited as dynamic memory in early digital computers, and 


still in modern DRAM. 


The simplest model of capacitor consist of two thin parallel conductive plates each with an area 
filled with a dielectric with permittivity £. It is assumed that the gap d is much smaller than the 
dimensions of the plates. Since, the separations between the plates is uniform over the plate 
area, the electric field between the plates E is constant and directed perpendicularly to the plate 
surface, except for an area near the edges of the plate where field decreases because the electric 
field lines bulge out of the sides of capacitor. 
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(i) If a parallel plate capacitor has n number of interleaved plates, area of plates is A and 
separation between them is d, then the total capacitance would be 











€A EnA 
(a) — (6) — 

e (n-1)A EnA 
C an (@) — 


(iz) A capacitor’s dielectric material has dielectric strength U, which sets the capacitor’s 
breakdown voltage at V = U,d. The maximum energy stored in the capacitor is 


(a) edu, b) eAdU, 
(c) 5 eAdu? (d) eAdU; 


(iii) A capacitor is constructed from two conductive metal plates having 30 cm X 50 cm 
dimension which are spaced 6 mm apart from each other and use dry air as its only 
dielectric material, then the capacitance of the capacitor is 
(a) 0.22 uF (b) 0.221 nF 
(c) 2.21 uF (d) 2.21 nF 

(iv) A capacitor of capacitance 1 uF is filled with two 
dielectric of dielectric constant 4 and 6. The new 
capacitance would be 
(a) 10 uF 
(b) 7 uF 
(c) 5 uF 
(d) 4 uF 

(v) A parallel plate capacitor is charged. If the plates are pulled apart 
(a) the charge and potential difference remain the same 





(b) the total charge increases 
(c) the potential difference increases 


(d) the capacitance increases 


Answers 


44 


3. 


(2) (c); Forn number of plates in an interleaved capacitor, the total capacitance would be 


E,A 
C =—7_ mt) = (n-1) Co 
where C = €, A/d is the capacitance for a single plate and n is the number of interleaved 
plates. 


(2) (c); A parallel plate capacitor can only store a finite amount of energy before dielectric 
breakdown occurs. The maximum energy that the capacitor can store is therefore, 


l 








= —/' 2 
E g CV 
—_ 1 £4 ə_ l1 2 an EA 


(iti) (b); The capacitance of parallel plate capacitor is given as 
E4  8.85x107'? x 30x50 x 107 


d 6x10° 
“C= 0.221 nF 
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c= = (.291xX10°F 


(wv) (c); The arrangement is equivalent to a parallel combination of two capacitors, each with 
plate area A/2 and separation d, 


(v) (c) 


Y y y E94 
C = C +G = g Ei + Ky) 
l E,A 
= 5 (K, + K,) [7 Co =- 7 = nF given) 


C=5(4 +6) = 5 uF 


* V = Ed, 


As E remains the same, so V increases as distance increases. 





ASSERTION-REASON QUESTIONS 


In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). 
Choose the correct answer out of the following choices. 


Both A and R are true and R is the correct explanation of A. 
Both A and R are true but R is not the correct explanation of A. 
A is true but R is false. 

A is false and R is also false. 


(a) 
(b) 
(c) 
(d) 

1. 


Assertion (A) 
(R) 


Reason 


Assertion (A) 
(R) 


Reason 


Assertion (A) 


Reason (R) 


Assertion (A) 
Reason (R) 
Assertion (A) 


Reason 


(R) 
Assertion (A) 


Reason 


Assertion (A) 
Reason 
Assertion (A) 


Reason 


(R) : 


(R) : 


(R) : 


: A capacitor can be given only a limited amount of charge. 


: After a limited value of charge, the dielectric strength of dielectric between the 


capacitor plates breaks down. 


: An applied electric field polarises a polar dielectric. 


: The molecules of a polar dielectric possess a permanent dipole moment, but 


in the absence of electric field, these dipoles are randomly oriented and when 
electric field is applied these dipoles align along the direction of electric field. 


: The capacitance of a parallel plate capacitor increases with increase of distance 


between the plates. 


: Capacitance of a parallel plate capacitor v.e., C œ d 


: The capacitance of a parallel plate capacitor increases when a dielectric constant 


of medium between the plates. 


: Capacitance of a parallel plate capacitor is directly proportional to dielectric 


constant of medium between the plates. 


: When a charged capacitor is filled completely with a metallic slab, its capacitance 


is increased by a large amount. 


: The dielectric constant for metal is infinite. 


: When charged capacitors are connected in parallel, the algebraic sum of charges 


remains constant but there is a loss of energy. 


During sharing a charges, the energy conservation law does not hold. 


: Change never flows from a condenser of higher capacity to the condenser of 


lower capacity. [AIIMS 2018] 
Flow of charge between two bodies connected by a thin wire is determined by 


the charges on them. 


: The force between the plates of a parallel plane capacitor is proportional to 


charge on it. [AIIMS 2018] 


Electric force is equal to charge per unit area. 
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9. Assertion(A) : In the absence of an externally applied electric field, the displacement per unit 
volume of a polar dielectric material is always zero. [AIIMS 2018 | 


Reason (R) : In polar dielectrics, each molecule has a permanent dipole moment but these 
are randomly oriented in the absence of an externally applied electric field. 


10. Assertion(A) : Lines of force are perpendicular to conductor surface. [AIIMS 2016] 


Reason (R) : Generally electric field is perpendicular to equipotential surface. 


Answers 
1. (a) 2. (a) 3. (d) 4. (a) 5. (a) 6. (c) 7. (d) 8. (c) 
9. (a) 10. (a) 


HINTS/SOLUTIONS OF SELECTED MCQs 





2. (a) W=q(AV) > av=te = -o1y 
l q 20 
3. (a) Due to repulsion between two electrons. The potential energy of the system increases. 


(b) Because earth is a good conductor. 


Or 
— 

S 
wa 


Charge are reside on the surface of conductor. So, E = O0 inside the conductor then, 
W = q(AV) = 0 = AV = 0, so, V = Constant. 

6. (a) Electric field lines are always perpendicular to the equipotential surface. 

7. (a) Electric field lines are always perpendicular to the equipotential surface. 

8. (c) The positively charged particle experience electrostatic force along the direction of electric 
field, z.e., from high electrostatic potential to low electrostatic potential. Thus, the work 
done by the electric field on the positive charge, hence potential energy of positive charge 
decreases. 


9. (c) The work done by an electrostatic force is given by W = q(AV). Here initial and final potentials 
are same in all three cases and same charge is moved, so work done is same in all three cases. 


10. cœ) E= -A => E= 0 then, Z =0 => V =constant 
Thus, E = 0 inside the charged conducting sphere causes, the same electrostatic potential 
100 V at any point inside the sphere. 


11. (a) The equipotential due to point charge are spherical in shape as electric potential due to 


Kg 
point charge q is given by, V = —— 
: 100 x 100 
Gag = 100-100 ~ 90H" 
Q 
V oier = Vig = C = 100 V 


In parallels, V = same. 
Then, Q = CV = 50 x 10° x 100 = 5 x 10°C. 

13. (c) In series combination, 
a 


l 
a G 


ES sø s Ci Co 
Co 1 tC 





+ 
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(d) E= 


(c) V 


K, E,A 9 K, EA 





d ds K K, E,A 
C = —— EE 
eq K E,A K, E,A K, d, + K d 
ee + ee 
d, do 
Ke, A K K, (d, F do) 
By comparing with Cog Er +d, then K = “K,d, +K,d, 


-dv . . n3 . . 
yy? Since the electric field (E) is inversely proportional to the separation between 
F 


equipotential surface. So, equipotential surface are closer in regions of large E. 








oN * ke L 4o=2X200+0 
common ` C C- 9 + A 
320 
6.= 7, = SF 
EA €,A EA 2€,A 
d-i-  d-5{1-5) 
C l l 


(b) In series potential difference are additive, V’ = nV. 


V. = FOC) V° , where Co = Capacitance of each capacitor 








E€ A E€ Á 
C = : ._C=— 
d-i(1- ) d 
“TK 
BECER i a A d _ 3K 
C a J 9 l K+2 
d-(1-<) d—Fa|i-—| 
a aK 14 
uaz +? 7 “hh 
EV, -G V, E 
y= E gy 
C tC 6+3 9 
) —6 
then, V, _& _ 4x3x10" _ 4y 


- + 3x 10° 


300 — (-100 
ps AK =. 100 V/cm 


Voltage at 3 cm from second plate = 300 — (1 x 100) = 200 V. 


The given point lies inside the conductor and electric field intensity inside the conductor 
is zero. So, no work is done in bringing the charge from the surface to the given point. 
Therefore, the potential is same ż.e., 10 V. 
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22. (b KE=W=q.V 

=lexV=l1ev 
23. (c) Amount of change, geometry and size of conductor 
24. (c) W = PE (cos 8, — cos 05) 

= PE (cos 0° — cos 60°) 


_ ey 1 
= PE(1-5) = 5PE 


W' = PE (cos 0° —cos 180°) 
= PE {1-(-1)} = 2PE 
l 


w 21 
W' 2PE 4 
W'=4W 
28. (b) As work done to move a charge on equipotential surface is zero. 
kp 
29. (d) Vixi = 7o 


30. (c) As the charge returned to the initial position. 
32. (c) E =W=qVv 

=e X 200 V = 200 eV 
33. (c) W=qQV=7X5= 35] 


34. (b) Ln = w= qV 


2 
36. (b) Let radius of bigger drop = R, radius of smaller droplet = r 

4 3 4 3 
PEs — g 
3 R 1000 z Tr 

=> R= 10r. 

k(1000q) 100 kg 
.. Potential of big drop = ——— = —_ 


10Or r 


Potential of small drop = a 


Wa 
big dro 
-E 100 


Si drop 


37. (a) Work done is given as W = qAV 
In all the four cases the potential difference from A to B is same. 


<. In all the four cases the work done is same. 


39. (d) = called farad (F) 


V 
42. (d) C1 Co C3 
1 11V 
I l, 1,1l 
C1273 


48 | Physics—XIl: Term-1 WWW.JEEBOOKS.IN 


43. 


44. 
46. 


47. 


49. 


50. 
ais 


52. 
53. 


54. 


55. 


ois 


58. 


11 i 6 


Te Gg aT HE 
_p _ 6 o , 
Also,g=C\V,; > 6=1XV/, 
V,=6V 
(c) As Q=CV 
a 
um 


It is a ratio so doesn’t depends on either QorV and thus remains constant. 


(c) In all conductors charge is same. 


l l l 


(b) C eC EPSE ESES n times 
NOE iak es .n times 
C 
l -n 
C C 
eq 
-C 
eg n 
(b) As we know by inserting dielectric material capacitance increases K times. 
C = KC) 
(d) C = 4 ner = —'—_ x10 = —_ A 
Sphere 0 9x 10° 9x 108 
C) Gy =" =4x05>2 pF 
-C _l 
(a) Gam no z HE 
(a) C = 4nEr 
(d) W =Q(Vo-Vp) 
= —100e(-4 — 10) 
= —100 X01.6 x 107° x (-14) 
= 2.24 Ta Oy 
(d) As C =KCo = 4 x 3 = 12 pF 
ES 
( ) S z d 
Ca L 
Now if distance be double capacitance will be half. 
As C= AE, 
(a) S _ d 
-3 
a= EXE _ 3x5x10 = = 1.694 x10°m? 
Ep 8.85 x 10 
(b) We know that 


9 = s Ve (Initial energy) 


Also capacitance after introducing dielectric = KC) and potential —times 


K 
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lag 
So Up = CV 


_likc (tr) -1 


59. (b) C, and C, are connected in series, their equivalent capacitance is o 
1 


ec. A 
C = 
2 C +C, r 
C4 5 C> 
= 2X2 inp 
942 F 
B 


Similarly, capacitance of C and C4 A 
C54 = ] uF 


The circuit represents Wheatstone’s bridge and capacitor C, is neglected. 








Equivalent capacitance of circuit 
Ceq = Cig + Cs4 = l + l = 2 uF. 


2 
1 ; ) 
60. (a) U, = 5 CV" = = 
After connecting another capacitor in parallel, 
4b 
CC Mh Q 


M*+~=-Q > ho 


=> Battery is disconnected, 








OY /QY 
i eters. cl | E Š Q? U, 
T eretore, cnal ge 1s constant => U; = OC + oC 4C oy 


Hence, total electrostatic energy of resulting system is decreased by a factor of 2. 


61. (b) Charge is invariant Q = 8q and mass is invariant 


M=8m = 4 tlo = Po = R=2% 











a 3 
,__ 1 Q Wl 4 
= ATE R dk ATE, 1 
APA a VE _ 
a \. oder ie => V=4V 
nl _ | = 
62. (c) U= QV = 7 X0.1x200=10 J 
-_£_¢ 
63. (d) V= CC 
_ VC _ 10x500 _ 
=> t= q 00 50s 
, : O O 
64. (b) Electric field outside the plates = 52 -52 =0 
P 2E Ey 
Electric field inside the plates = -+> + -> 
P 2E 269 
A 
oe E T 
Ey € AE, 
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l 


65. (c) we=tcoy=t 


x2x10° x (200) = 4 x 10° J = 0.04 J 











9 9 
E,A 
66. (¢) C= =1pF 
, Ke)A KeA K (57) 
“oa a Nd 
C _ spr _K 
C IpF 2 7 854 
Lot ,l,tiiyi ig 
we) GG we 3 aN iG 
C= 2uF 
5 C =3+9+18=304uF eee ab 
p “C 30 15 


Voy 
5 =I 


68. (b) In series potential differences are additive, V’ = 
l olan (VY ppe —_ 
Initial energy U, = z (2€ g o)? where C, is capacitance of each capacitor 


Final energy, U, = {hy = U. 
> f 2\92 i 


E,A 
69. (a) C=—,—=9pF 








d 
EA 
C’ ` 
a-la x) +1( x) 
d ._ 2d O Â 
b= ob => K] 3, K; 6 
E€ A 
> C=} =3« 9 pF 240.5 pF 
E,A EA 
70. (c) C=-T> = 1 
d-i(1--¢) 
ANB Z si tl CK 
cS l1 2 lI] 2KĶK+I1 
AAR 
8 3K 8 
~o ana = id 
Q,-Q, _ (4-1)x10 
71. 6) V2 d= =V 
C+C, 4+1 
| 
72. (a) p=% = 20- CN = 100 V/cm 


Voltage at 1 cm from first plate = 300 — (1 x 100) = 200 V 


73. (a) U =) cy? -4cv? = sev? - yê) = 5x 6x10®[(20f - 10f]=9x10* J 


WWW.JEEBOOKS.IN: Potential and Capacitance 


ol 


74. (c) Energy stored in capacitor, U, = 5C y” 


Energy supplied by battery, U, (= qV)=C y? 


75. (d) Potential (V) due to a charged sphere at internal point is same as on its surface and at 


, l 
external point, V « = 














__ | Ana’ o B Arb? 6 4 Anco 
A ANE, a b C 
_ 1 |4ra?o-4rb°o , 4nc?o 
V, = | a + 
ATE, b C 
_ 1 [| 4na?o-4nb?0+41c7o 
C ATE, C 








with c = a + b, we note V} = Vo 4 Vg 
_ G,V gV 
76. (d) g=-( ax * Jay t* _ 
Here V = ~x"y z + 4 
EB = [0 (-2xy - 23) + j (4°) + h(8x2?) 
= (Qxy + 23) í +x? 7 + 3x2 kh 


np 2 o 
77. (b) In series Ceg = 3 


and Vig, = Vi + Vo + V3 = 3V 


78. (b) Work done = Gain in K.E. 


2QV 


m 
< y 2V _ [2(40)V 
a Nim’ B N m 
U4 


l 


UT 2 
à UV _ d a 
79. (a) TARR -y -y (Ax) 
= -8x =-8 X l =-8 
E = -8x or 8 V/m along negative x-axis 


80. (b) Potential at centre of ring 1 








1/2, & 
1 ane, | R” JOR 
Potential at centre of ring 2 


ae ine, Canad 
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Potential difference, 


l Q-Q Q-Q, 





RN a 





ATE | R V2R 
> 1 (Q, ~ Qs ) 
-i ATE, J2R (/2 ~ 1) 


Work done, W = q(V, - Vo) 


(Q, - Q») 
= ae aR 2-1) 


81. (b) Initial energy = Final energy 





1 4h 1 k 1l 9 


We ee SMU 


























ARE r ATE, T> 2 
MEAE T TENES 
2 nE) N l 
J 24; Is 1I E 
4repm (A h 
= 2x DAO" x10" x 9x10" (E_T) 
9x10 10 
= 9x 107x9 
v = 90 m/s 
__1 (4 4) - 1 29 
82. (a) 4 ros aa AT BT mr 
1l 4_3 
4TE, T 2 
ATE) (I 4NE, 9r? Gr 
2 
83. (a) v= = fd | 3000x110" _ joy 
q q 3 
84, b) E, 2a ef ah V =-xE 
. $ EA 8 =-S ? =A 


85. (c) Electric field is zero within the metal, so there should be no line of force within metal and 
lines are always normal to equipotential surface. 


= l e 
86. @) N= lR RETE 











T S E S _ 
2 4me,\ E JR? +d? 








i a ee ec oo 
(ioe? ATER J/R?+0 R JRE 
__¢@ |d _ l 
~ One, | VRP +d 
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87. (a) Potential difference between A and B 











1 (4 4 A ((2, [2) 
Va- Vg = DA OB ra 
4mé,\OA OB P 
OA = V (V2)? + (2)? =2m 
OB = 2m O(0, 0) B(2, 0) 
.V,-Vz = 0 
tap Lorn 
88. (d) U,=5CV*, U=3(KC)V? = U=KU,>Uy 
89. (d) Potentials are added in series. Number of capacitors in series arrangement, 
2 3,000 _ 6 
500 


If m — rows are connected in parallel, then 


m= To =6 


Least number of capacitors mn = 6 X 6 = 36 


90. (b) When battery is disconnected charge remains same 











E, AV 
Q=CV= 7 
F= O _ Q _ E,AV B V 
Ke, Ake, dAKe, Kd 
i i -E 1 €&4 9 
Initial energy, U;=9 CV = o d i 


Q? _ (Eo AVI) epav” 


Final energy, U r= 9G OG ~ 2(€y KAld) — 91K 


K 





E,A Vy? l 
Work done by system, W =U, - U, =~ oq i | 


So, ‘b’ is false 


91. (c) Charge induced on plate A due to charge Q» on plate B is — Qo , charge 1 Q2 
induced on plate B due to charge Q, on plate A is — Q4. 
Net charge on plate A a, -Q 
A=Q)- Qs» 
Net charge on plate B 
A B 


B = Q» - Q; = -(Q; - Qs) 
So charge on capacitor = Q} — Qo 


Q-Q 
G 


92. (a) The charges on the plates of the capacitor A are bound to each other, so no charge will flow 





P.d. between the plates, V = 


to B, so there will be only equal and opposite induced charges on second plate of capacitor 
A are held by strong electrostatic force. Hence, charge on capacitor B is zero.. 


CV +CV% Vtv, 
C+C 2 





93. (c) Common potential, V = 
9 HF 
.. Energy loss, AU = scl; +V; oe 9 Lc) ——- 
= et 2 
= FCV -V 
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94. 


95. 


96. 


97. 


98. 


99. 


100. 


101. 
102. 


103. 


(d) 


(b) 


Initial charge on C, = 30 X 2 = 60 pC 

Initial charge on C, = 20 X 3 = 60 pC 

Clearly initial charges on C} and C, are same; so when S} and S, are closed; the capacitors are 
connected in series, so charges do not redistribute and potential differences across C} and C, 
remain as before V; = 30 V, Vo = 20 V. 

n-plates form (n — 1) capacitors in parallel. 

“. Net capacitance = (n-1)C 

Electrostatic energy = Thermal energy 


zcr = ms AT 


/2ms AT 
=> if = C 


In equilibrium potentials of spheres are equal, t.e., 


V =V, 


E 


E, VIR, R, 


Equivalent circuit is shown in figure 


n C C oC C 
T 
C = 
alza at 
B SS 
C 2C 


C C 


~ Imm 








1 VR, fə | 2mm 2 
l 


Effective capacitance of each row, 
_CX2C _2 
C P26 3 

2 2 | 


Coy — zC + 9G — zC 


Initially work is done on the system and while reinserting the slab equal work is done by the 


C C 


system. So, net work done by the system is zero. 


Let radius of bigger drop = R. 


; 42 ps = 22 
1.€., 3 TR 343 X 3 Tr 
AA N k(343q) 49k 
E cael: | cil F 
Potential of big drop TO P 
Potential of small drop = a 
Vig drop 
V SAAIE gor r aiio 
small drop 
— gLE 
Since the positive charge is displaced against the electric field so the energy will be provided 
by external source in displacing the charge. A 
Potential difference across C, = V 
Potential difference across Co = V = 
i 
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2 
C 
Q 
Ci 
105. (a) V/2 
When the battery is disconnected the charge on the capacitor, Q = CV 
E,A 
Capacitance of parallel plate capacitor, C = -T 


_& 2 4 
CG ~ Q 


When the separation between the plates is halved, C’ = We 2C 


a Q CV yv 
New potential difference V = C 9G 9 


106. (d) Zero 
Potential at the center is equal to the potential at the surface so the work done in moving the 


test charge from its centre to its surface is zero. 


56 | Physics-XII: Term-1 WWW.JEEBOOKS.IN 


03 CURRENT 


ELECTRICITY 





IMPORTANT FORMULAE 


l. 


10. 


11. 


> 


i aa ae E 
Drift velocity, v, = a, 
m 


= 
where E is electric field strength, t is relation time, e is the charge on electron and m is the mass 
of electron. 


. Relation between Current and Drift Velocity: 





I = -—neAvy 
where n = number of free electrons per mË, A = cross-sectional area 
. Ohm’s law V=RI 
. Resistance R= pl 
A 
RA m 
. Specific resistance p=—=-,; 
lL net 
: I 
. Current density J= 4 
. Electrical conductivity .o = 2 


. J=0 E (alternative forms of Ohm’s law) 


. (i) Resistances in series 


Net resistance Rg = R, + Ro + Rg 
Current is the same in each resistance V = V, + V, + V; 


(ii) Resistances in parallel: Net resistance R, is given by 


Voltage is the same across each resistance 
IT=1,+1,+1, 
Temperature dependence of resistance 
R, = Ro (1+ aAt) 
where a is the temperature coefficient of resistance 
or R = R, [1+ a (tə — t)] 


Internal resistance of a cell r= G — in 


where F is emf of cell, V = terminal p.d. across external resistance R. 
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Combination of Cells 
(1) When n-identical cells are connected in series 





Current, i| = O Am a 
A R, aa ere  R+nr 


> Rint 


For useful series combination, the condition is R,,, 


(ti) When m-identical cells are connected in parallel 


igo E = E 
Ra Paa Rt R + r/m 


Condition of useful parallel combination is R < r/m. 
(111) When N= mn, cells are connected in mixed grouping (m-rows in parallel, each row containing 


n cells in series) 


nE mE 
Current, i = ae = PrEP + 
p+ it m nr 


m 
Condition for useful mixed grouping is R&,,, 


= Rint 


l nr 
A: R = — 
m 
(tv) When two cells of different emfs £, and E, and different internal resistances r and r are 
connected in parallel as shown in fig. then net emf of combination is 
E B E 
pe n ty Ay + Eg n 
i 4- i J d "5 
‘i 19 E, ro 
Net internal resistance r,,, 
l 1 1 1'2 
7 71, AN sine 
Tint 4 "9 4 + 1o 


12. Joule’s Law of heating effect of current: 


o 


W =I°Rt= —t =VIt joule. 


13. Electric Power 
watt. 


> |S; 


P=VI=[°R= 


nee en 


Maximum 


SS circuit, 
= 00 
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MULTIPLE CHOICE QUESTIONS 





Choose and write the correct option in the following questions. 
l; 


D 


Dimensions of a block are 1 cm X 1 cm X 100 cm. If specific 
resistance of its material is 3 x 10” Q m, then the resistance 


between the opposite rectangular faces is d pa S N 
(a) 3X 10° Q 6) 3x10 Q9 = A 
(c) 3 x 10°Q (d) 3 x 10°Q Tom 


In a Wheatstone bridge, all the four arms have equal resistance R. If resistance of the 
galvanometer arm is also R, then equivalent resistance of the combination is 

R R 
(a) R (b) 2R () > aA 7 
A potentiometer is an accurate and versatile device to make electrical measurement of EMF 
because the method involves 
(a) potential gradients 
(b) a condition of no current flow through the galvanometer 
(c) acombination of cells, galvanometer and resistance 
(d) cells 
Consider a current carrying wire (current J ) in the shape of a circle. Note that as the current 
progresses along the wire, the direction of j (current density) changes in an exact manner, 
while the current J remain unaffected. The agent that is essentially responsible for is 

[NCERT Exemplar] 

(a) source of emf. 
(b) electric field produced by charges accumulated on the surface of wire. 
(c) the charges just behind a given segment of wire which push them just the right way by repulsion. 
(d) the charges ahead. 


Two batteries of emf £; and é (€o > &€,) and internal resistances rı and r, respectively are 


connected in parallel as shown in Figure. [NCERT Exemplar| 
E 
1 ry 
A B 
"2 "2 


(a) The equivalent emf g, of the two cells is between £; and £9, 2.2., €}< Ey < E 


"4 
(b) The equivalent emf €, is smaller than £4. 

(c) The €,, is given by €,, = €; + £ always. 

(d) €,, 1s independent of internal resistances r; and ro. 


The drift velocity of the free electrons in a conducting wire carrying a current J is v. If in a 
wire of the same metal, but of double the radius, the current be 2/, then the drift velocity of 
the electrons will be 

(a) v/4 (b) v/2 (c) v (d) 4v 

A resistance R is to be measured using a meter bridge. Student chooses the standard resistance 
S to be 100 Q. He finds the null point at /, = 2.9 cm. He is told to attempt to improve the 
accuracy. Which of the following is a useful way? [NCERT Exemplar] 
(a) He should measure /; more accurately. 

(b) He should change S to 1000 Q and repeat the experiment. 

(c) He should change S to 3 Q and repeat the experiment. 

(d) He should give up hope of a more accurate measurement with a meter bridge. 
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10. 


11. 


12. 


1d; 


14. 


Two cells of emf’s approximately 5 V and 10 V are to be accurately compared using a 
potentiometer of length 400 cm. [NCERT Exemplar] 
(a) The battery that runs the potentiometer should have voltage of 8V. 


(b) The battery of potentiometer can have a voltage of 15 V and R adjusted so that the potential 
drop across the wire slightly exceeds 10 V. 


(c) The first portion of 50 cm of wire itself should have a potential drop of 10 V. 


(d) Potentiometer is usually used for comparing resistances and not voltages. 


Figure represents a part of a closed circuit. The potential difference between points A and B 


(V — Vp) is 


2A 22 3V 40 
= ww H mwe 
A B 
(a) +9 V (b) -9V 
(c) +3 V (d) +6V 


: l ! 
A metal rod of length 10 cm and a rectangular cross-section of lcm X z cm is connected to a 


battery across opposite faces. The resistance will be [NCERT Exemplar] 


l . l 
(a) maximum when the battery is connected across 1 cm X > cm faces. 


2 


(b) maximum when the battery is connected across 10 cm X 1 cm faces. 


. l l 
(c) maximum when the battery is connected across 10 cm X > em faces. 


(d) same irrespective of the three faces. 


Which of the following characteristics of electrons determines the current in a conductor? 


[NCERT Exemplar] 
(a) Drift velocity alone 
(b) 
(c) 


(d) Neither drift nor thermal velocity. 


Thermal velocity alone 


Both drift velocity and thermal velocity 


Temperature dependence of resistivity p(T) of semiconductors insulators and metals is 
significantly based on the following factors. [NCERT Exemplar] 


(a) Number of charge carriers can change with temperature T. 

(b) Time interval between two successive collision can depend on T. 
(c) Length of material can be a function of T. 

(d) Both (a) and (b) 

Kirchhoff’s junction rule is a reflection of [NCERT Exemplar] 
(a) conservation of current density vector. 

(b) conservation of charge. 

(c) the fact that there is no accumulation of charged at a junction. 

(d) Both (b) and (c) 

The current in electrolyte is due to 

(a) positive ions only (b) negative ions only 


(c) both positive and negative ions (d) holes 
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15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


In the circuit diagram the electric current through branch BC is 


A B 2A Laat 
2A 
C D 
5A 
F 2A E 3A G 
(a) lA (b) 2A (c) 4A (d) 5A 


The temperature coefficient of resistance for a wire is 0.00125/°C. At 27°C its resistance is 1 


ohm. The temperature at which the resistance becomes 2 ohm is 


(a) 1154 K (b) 1100 K (c) 1400 K (d) 1127 K 
Drift velocity v, varies with the intensity of electric field as per the relation 
(a) v,«E (b) va (c) v, = constant (d) vja E 


The resistance of a wire is ‘R’ ohm. If it is melted and stretched to ‘n’ times its original length, 
its new resistance will be 


(a) a (b) n°R (c) A (d) nR 


Electric current through resistance 4 Q, inthe given circuit is: 
12 V 





laev 19 l2 


(a) OA (b) 0.5 A (c) 12/7 A (d) 2/7 A 


From the graph between current / and voltage V shown below, identify the portion corresponding 
to negative resistance 


E 
C 
A , 
A —>\/ 
(a) AB (b) BC (c) CD (d) DE 


Two wires of same material have length L and 2L and cross-sectional areas 4A and A respectively. 
The ratio of their specific resistance would be 

(a) 1:2 (b) 8:1 (c) 1:8 (d) 1:1 

A wire of non-uniform cross-section is carrying a steady current. Along the wire 

(a) current and current density are constant 

(b) only current is constant 

(c) only current density is constant 

(d) neither current nor current density is constant 
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23. 


24. 


25. 


26. 


Ri 


28. 


29. 


30. 


31. 


32. 


aos 


34. 


A conducting wire of diameter 0.5 mm has a resistance of 8 ©. The resistance of a wire of same 
length and material having a diameter Imm will be 


(a) 32 Q (b) 16 Q (c) 4Q (d) 2 Q 

12 coulombs/minute can be written as 

(a) 2A (b) 0.2 A (c) 0.02 A (d) 0.002 A 

A wire of uniform area of cross-section A, length / and resistance R is cut at the middle into 


two equal parts of length //2 each. Then the resistivity of each piece compared to that of the 
original becomes 


(a) half (b) double 

(c) unchanged (d) unpredictable 

Drift velocity of electrons in a conductor is of the order of 

(a) a few millimeters per second (b) a few meters per second 
(c) a few kilometers per second (d) 3 x 10'° cms” 


A 220 V-100 W bulb is connected to a source of 180 V. The power consumed by it will be nearly 
(a) 100 W (b) 82 W (c) 75 W (d) 67 W 


Two bulbs one of 50 watts and another of 25 watts are connected in series to the mains. The 
ratio of the current through them is 


(a) 1:1 (b) 1:2 (c)2:% (4) 1:4 
A 100 W, 200 V bulb is being operated at 160 V, the power dissipation is 
(a) 32 W (b) 64 W (c) 100 W (d) 160 W 


A, B and C are voltmeters of resistance R, 1.5R and 3R respectively as shown in the figure. 
When some potential difference is applied between X and Y, the voltmeter readings are V,, Vg 
and Vç respectively. Then 





(a) Va = Vg * Vc (b) V4 Vg * Vc 
c) Va=Vs = Vc (d) V4 # Vg = Vc 
The potential. difference (V, — Vp) between the points A and B in the given figure is 
Va 20 Pa id 1Q Vp 
Hw e 
å I=2A ‘ 
(a) -3V (b) +3 V (c) -13 V (d) +13 V 


Kirchhoff’s II law for the electric network is based on 

(a) law of conservation of charge (b) law of conservation of energy 

(c) law of conservation of angular momentum (d) law of conservation of mass 

Three cells each of emf 1.5 V and terminal resistance 1 Q are connected in parallel. The 


combination will have an emf of 


(a) 4.5 V (b) 3 V (c) 1.5 V (d) 0.5 V 


For a cell, the terminal potential difference is 3.6 V, when the circuit is open. If the potential 
difference reduces to 3 V, when cell is connected to a resistance of 5 Q, the internal resistance 
of cell is 

(a) 1Q b) 2Q (c) 40 (d) 8Q 
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36. 


S7. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


Kirchhoff’s I law for the electric junction is based on 
(a) law of conservation of charge (b) law of conservation of energy 


(c) law of conservation of angular momentum (d) law of conservation of mass 


A potentiometer wire is 100 cm long and a constant potential difference is maintained across 
it. Two cells are connected in series first to support one another and then in opposite direction. 
The balance points are obtained at 50 cm and 10 cm from the positive end of the wire in the 
two cases. The ratio of emf’s is 

(a) 3:4 (D) 22 ic) ool (d) 5:4 

Two batteries, one of emf 18 V and internal resistance 2 © and the other of emf 12 V and internal 
resistance | Q, are connected as shown. The voltmeter V will record a reading of 


18 V 


M- 
20 


12 V 


M- 
10 


(a) 30 V (b) 18 V (c) 15 V (d) 14 V 

n cells each of emf E and internal resistance r send the same current through an external 
resistance R whether the cells are connected in series or parallel. Then 

(a) R=nr (b) R= r 

(c) r=nR (d) R=(Vn)r 

A wire of length 100 cm is connected to a cell of emf 2 V and negligible internal resistance. 
The resistance of the wire is 3 Q. The additional resistance required to produce a potential 
drop of 1 millivolt per cm is 

(a) 600 Q (b) 4TQ (c) 57Q (d) 55 Q 

The internal resistance of a 2.1 V cell which gives a current of 0.2 A through a resistance of 
10 Q is 

(a) 0.8 Q (b) 1.0 Q (c) 0.2 Q (d) 0.5 Q 

If a copper wire is stretched to make it 0.1% longer, the percentage increase in resistance will 
be 

(a) 0.2 (b) 2 (c) 1 (d) 0.1 

According to Joule’s law, if potential difference across a conductor of material of resistivity p 
remains constant, then heat produced in the conductor is directly proportional to 


(a) T (b) ọ (c) o7! (d) o 


Two bulbs each marked 100 W, 220 V are connected in series across 220 V supply. The power 
consumed by the combination will be 

(a) 220 W (b) 100 W (c) 50 W (d) zero 

Two bulbs each marked 100 W, 220 V are connected in parallel across 220 V supply. The power 
consumed by the combination will be 

(a) 200 W (b) 100 W (c) 50 W (d) zero 

A 5°C rise in temperature is observed in a conductor by passing a current. If the current is 


doubled, the rise in temperature of the conductor will be nearly 


(a) 10°C (b) 20°C (c) 40°C (d) 2.5°C 
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46. 


47. 


48. 


49. 


50. 


51. 


52. 


64 


A student measures the terminal potential difference (V) of a cell of emf E and internal 
resistance r as a function of the current (I) flowing through it. The slope and intercept, of the 
graph between V and J, then respectively, equal 


< —> 


O I —> 
(a) -r and € (b) rand -€ (c) —£ and r (d) £ and -r 
See the electrical circuit shown in fig. Which one of the following is the correct equation for 
it? 


R 
P Q 
£1 Á 

A| B 

i4 
D C 

12 lp E2 

(c) €] = (2, F lo) R F ir] = 0 (d) E€] = (t + lo) R = Wr) = 0 


The resistance of a mercury column in a cylindrical container is R. This mercury is poured 
into another cylindrical container with half the radius of cross-section. The resistance of other 
mercury column will be 


(a) R (b) 4R (c) 16R (d) R/4 


A current is passed by a battery of constant voltage through the 
germanium wire at room temperature. Now the temperature of 
germanium wire is decreased. The reading of ammeter will Ge 

(a) increase A 
(b) decrease 

(c) remain unchanged 

(d) increase and decrease alternatively 

A steady current flows in a metallic conductor of non-uniform cross-section. The quantity/ 
quantities constant along the length of the conductor is/are 

(a) current, electric field and drift speed (b) current, current density and drift speed 


(c) drift speed only (d) current only 
The electric current in a conductor varies with time t as J = 2t + 3t", where I is in ampere and t 


in seconds. Electric charge flowing through a section of the conductor during t = 2s tot = 3s 
is 


(a) 10 C (b) 24 C (c) 33 C (d) 44 C 
In the given circuit, with steady current, the potential drop across V E 
the capacitor C must be A R 
V 
V b = 
(a) 0) `o E | F 
Vv 2V a 
() 5 dl) 
C D 
2V 2R 
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54. 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


In a metre bridge experiment null point is obtained at 20 cm from one end of the wire, when 
resistance X is balanced against another resistance Y. If then where will be the new position 
of null point from the same end if one decides to balance a resistance of 4X against Y? 

(a) 50 cm (b) 80 cm (c) 40 cm (d) 70 cm 


The length of a potentiometer wire is 100 cm and the emf of the standard cell is E volt. It is 
employed to measure the emf of a battery of internal resistance 0.5 ©. If the balance point 
is obtained at length 30 cm from the positive end, the emf of the battery is (i = current in 
potentiometer wire) 

30E 30E 30 (E -0.5 1) 30E 
700.5 ) 700-05 ©) 700 (d) Too 


In the circuit the galvanometer shows zero deflection. If the batteries A and B have negligible 





internal resistance, the value of resistance R will be 


500 Q 


12VTB R AT 2V 


(a) 100 Q (b) 200 Q (c) 500 Q (d) 1000 Q 


An uncharged capacitor of capacitance 4uF a battery of emf 12 V and a resistor of 2.5 MQ 
are connected in series. The time after which the p.d. across capacitor becomes 3-times across 
resistor (i.e., Ve = 3Vp) is (log, 2 = 0.693) 

(a) 6:93 s (b) 13°86 s (c) 10:86 s (d) none of above 

An electric bulb rated 500 W at 100 V is used in a circuit fed by a 200 V supply; then the 
resistance R to be put in series with the bulb, so that bulb delivers 500 W is 


(a) 40 Q (b) 20 Q (c) 10 Q (d) 80 Q 
Time taken by a 836 W heater to heat one litre of water from 10°C to 40°C is 
(a) 50s (b) 100s (c) 150s (d) 200 s 


An electric bulb is marked 100 W, 230 V. If the supply voltage drops to 115 V, what is the total 
energy produced by the bulb in 10 minutes? 


(a) 30 kj (b) 15 kJ (c) lOkJ (d) 5kJ 
In a Wheatstone bridge; three resistances P, Q and R are connected in the three arms and the 


fourth arm is formed by two resistances S, and S, connected in parallel. The condition for the 


bridge to be balanced will be 








P. 9 P _ R(S, + Sz) 
o) ONES s, ge SS, 

Pp — ROS, + So) P__R 
 O~—3SS, 4) 0-35, 


If the ratio of concentration of electrons to that of hole in a semiconductor is KA and the ratio 


5 


of currents is T’ then what is the ratio of their drift velocities? 


5 4 5 4 
al -S b) = c) — di = 
(a) 2 () = © 4 dS 
Two conductors have the same resistance at 0°C but their temperature coefficients are a, and 
a, the respective temperature coefficients of their series and parallel combination are nearly 











(a) 5 5, +O, (b) a + Ao, 5) 
q qa a. Tta. 0. Ta 
1 “9 1 9 “1 9 
Cc) a, Faa D — am 
C) h FO Fa, C 
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66 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


T1. 


I2, 


To 


14. 


A potentiometer can measure emf of a cell because [CBSE 2020 (55/1/1)| 
(a) the sensitivity of potentiometer is large. 
(b) no current is drawn from the cell at balance. 
(c) no current flows in the wire of potentiometer at balance. 
(d) internal resistance of cell is neglected. 
The resistance of a metal wire increases with increasing temperature on account of 
[CBSE 2020 (55/1/2)| 
(a) decrease in free electron density. (b) decrease in relaxation time. 


(c) increase in mean free path. (d) increase in the mass of electron. 


Kirchhoff’s first rule at a junction in an electrical network, deals with conservation of 
[CBSE 2020 (55/1/2)| 


(a) energy (b) charge 
(c) momentum (d) both energy and charge. 


The conductivity of a metal decreases with the increase in temperature on account of 
[CBSE 2020 (55/1/3)| 


(a) decrease in number density of electrons. (b) decrease in resistivity. 


(c) decrease in relaxation time. (d) increase in mean free path. 


A cell of internal resistance r is connected across an external resistance R can supply maximum 


current when [CBSE 2020 (55/2/1)| 
(a) R=r b) R>r AR d) R=0 

In a current carrying conductor, the ratio of the electric field and the current density at a 
point is called [CBSE 2020 (55/2/1)| 
(a) Resistivity (b) Conductivity (c) Resistance (d) Mobility 

Resistivity of a given conductor depends upon [CBSE 2020 (55/2/2)| 
(a) temperature. (b) length of conductor. 

(c) area of cross-section. (d) shape of the conductor. 

The ratio of current density and electric field is called [CBSE 2020 (55/2/2)| 
(a) Resistivity (b) Conductivity 

(c) Drift velocity (d) Mobility 

For a fixed potential difference applied across a conductor, the drift speed of free electrons 
does not depend upon [CBSE 2020 (55/2/3)| 
(a) free electron density in the conductor. (b) mass of the electrons. 

(c) length of the conductor (d) temperature of the conductor. 

Ohm’s law is obeyed by [CBSE 2020 (55/2/3)| 
(a) extrinsic semiconductors. (b) intrinsic semiconductors. 

(c) metals at low temperature. (d) metals at high temperature. 

The electrical resistance of a conductor [CBSE 2020 (55/3/1)| 


(a) varies directly proportional to its area of cross-section. 
(b) decreases with increase in its temperature. 
(c) decreases with increase in its conductivity. 


(d) independent or its shape but depends only on its volume. 


The element of a heater is rated (P V). If it is connected across a source of voltage V/2, then the 


power communed by it will be [CBSE 2020 (55/3/1)] 
P P 
(a) P (b) 2P (c) 5 d) | 
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75. m°V's” is the SI unit of which of the following? [CBSE 2020 (55/3/1)] 
(a) Drift velocity (b) Mobility 
(c) Resistivity (d) Potential gradient 

76. A cell of emf (E) and internal resistance r is connected across a variable external resistance R. 
The graph of terminal potential difference V as a function of R is 





[CBSE 2020 (55/4/1)| 
t 
V 
a) 5 (b) 

O R— 

V V 

t 5 te 

(c) (d) 
O R— O iL 
Answers 
1. (b) 2. (a) 3. (b) 4. (b) 5. (a) 6. (b) 7. (c) 8. (b) 
. (a) 10. (a) 11. (a) 12. (d) 13. (d) 14. (c) 15. (c) 16. (b) 

17. (a) 18. (b) 19. (c) 20. (c) 21. (d) 22. (b) 23. (d) 24. (b) 
25. (c) 26. (a) 27. (d) 28. (a) 29. (b) 30. (c) 31. (d) 32. (b) 
33. (c) 34. (a) 35. (a) 36. (b) 37. (d) 38. (b) 39. (c) 40. (d) 
41. (a) 42. (c) 43. (c) 44, (a) 45. (b) 46. (a) 47. (d) 48. (c) 
49. (b) 50. (d) 51. (b) 52. (c) 53. (a) 54. (c) 55. (a) 56. (b) 
57. (b) 58. (c) 59. (b) 60. (b) 61. (c) 62. (d) 63. (c) 64. (b) 
65. (b) 66. (c) 67. (d) 68. (a) 69. (a) 70. (b) 71. (a) 72. (c) 
73. (c) 74. (d) 75. (b) 76. (b) 


CASE-BASED QUESTIONS 


Attempt any 4 sub-parts from each question. Each question carries 1 mark. 


1. ELECTRON DRIFT: 


An electric charge (electron, ions) will experience a force if an electric field is applied. If we 
consider solid conductors, then of course the atoms are tightly bound to each other so that the 
current is carried by the negative charged electrons. Consider the first case when no electric 
field is present, the electrons will be moving due to thermal motion during which they collide 
with the fixed ions. An electron colliding with an ion emerges with same speed as before the 
collision. However, the direction ofits velocity after the collision is completely random. At a given 
time, there is no preferential direction for the velocities of the electrons. Thus, on an average, 
the number of electrons travelling in any direction will be equal to the number of electrons 
travelling in the opposite direction. So, there will be no net electric current. If an electric field is 
applied, the electrons will be accelerated due to this field towards positive charge. The electrons, 
as long as they are moving, will constitute an electric current. 


The free electrons in a conductor have random velocity and move in random directions. When 
current is applied across the conductor, the randomly moving electrons are subjected to electrical 
forces along the direction of electric field. Due to this electric field, free electrons still have their 
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random moving nature, but they will move through the conductor with a certain force. The net 
velocity in a conductor due to the moving of electrons is referred to as the drift of electrons. 





(i) When a potential difference V is supplied across a conductor at temperature T, the drift 


velocity of electrons is proportional to 
(a) V (b) vV 
€) vT (d) T 
(ii) A steady current flows in a metallic conductor of non-uniform cross-section. Which of the 
following quantities is constant along the conductor? 
(b) Drift speed 


(a) Current density 
(d) None of these 


(c) Current 
(iii) Relation between drift velocity (vg) of electron and thermal velocity (v7) of an electron at 


room temperature is 
(b) vg > Ur 
(d) vg = vr 


(a) v4 =vr= 0 
(c) Ug < Ur 

iv) Which of the following characteristics of electrons determines the current in a conductor? 

S 

(a) Thermal velocity alone (b) Drift velocity alone 
(c) Both drift velocity and thermal velocity (d) Neither drift nor thermal velocity 

(v) If E denotes electric field in a uniform conductor, J corresponding current through it, v, 
drift velocity of electrons and P denotes thermal power produced in the conductor, then 


which of the following graphs is/are correct? 


(c) i (d) All of the above 


Answers 
1. (è) (a); We know that drift velocity, vg aE ['.. E= VL] So, vg <E«V. So for a particular conductor 
of a particular length, the drift velocity will directly depend on the voltage. 
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(t) (c); When a steady current flows through a metallic conductor of non uniform cross-section, 


I 
then drift velocity, v,= A 


l I I 
l.e., v4 0c Zand v4 œ E so E œ 7 
Both vz and E change with A, only current J remains constant. 


(i) (c); Electrons with the fermi energy carry considerable kinetic energy. Their mean thermal 
velocity at temperature T should be Op =¥ 3KT/m, which generally turns out to be quite 


large. The average velocity with which electrons must pass along a conductor to carry 


I 
a current is called drift velocity and is given by v} =— 7 which is much less than the 


neA 


thermal velocity, or vz < vr. 


(ww) (b); As I = neAv,, so current Iœxv;. Although J also depends on n, the number of free electrons 
which increases on increasing temperature that causes more collision between electrons 
which in turn increases resistance or decreases current. So, Jou, . 


e.g 
(v) (d); Ug = TT be, Uy z 
E 2 
y? (=) E? 
or pa a ha ie., P œ E* 


R R ÆR 
or P=VI=PR; i.e., P œ I? 


2. THE POTENTIOMETER: 
The potentiometer is an instrument that can be used to measure the emf of a source without 
drawing any current from the source it also has a number of other useful applications. Essentially, 
it balances an unknown potential difference against an adjustable, measurable potential 
difference. 


Potentiometer is based on the principle that when a constant current flows through a wire 
of uniform area of cross-section, the potential drop across any length of the wire is directly 
proportional to the length. A resistance wire AB of total resistance R g is permanently connected 
to the terminals of a source of known emf ¢,. A sliding jockey J is connected through the 
galvanometer G to a second source whose emf 
£ is to be measured. As jockey J is moved along 


Het www 


r battery Rh 








the resistance wire, the resistance Rpg between 


points P and B varies; if the resistance wire is Primary circuit 
uniform, Rpg is proportional to the length of 


+> 


wire between P and B. To determine the value 
Secondary 


of £», J is moved until a position is found at elrcult 


which the galvanometer shows no deflection; 
this corresponds to zero current passing è 

through sv. 

The term potentiometer is also used for any variable resistor, usually having a circular resistance 
element and a sliding contact controlled by a rotating shaft and knob. 


(i) Two cells of emfs approximately 5 V and 10 V are to be accurately compared using a 
potentiometer of length 400 cm. Choose the correct option. 
(a) potentiometer is usually used for comparing resistance and not voltages. 
(b) the first portion of 50 cm of wire itself should have a potential drop of 10 V. 
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(c) the battery of potentiometer can have a voltage of 15 V and R adjusted so that the potential 
drop across the wire slightly exceeds 10 V. 


(d) the battery that runs the potentiometer should have voltage of 8 V. 
(iz) AB is a potentiometer wire of a potentiometer. If the value of R is increased, in which 
direction will the balance point J shift? 





(a) Towards A (b) Towards B 


(c) Same as initial point (d) None of these 


(iii) ‘The current in a potentiometer wire is adjusted to give a null pointat 56 cm with a standard 
cell of 1.02 V. The emf of another cell for which a null point at 70 cm is 


(a)l V (b) 1.02 V 
(c) 1.275 V (d) 1.5V 
(iv) Potentiometer is an electrical measuring device which measure 
(a) emf of the cell (b) internal resistance of the cell 
(c) both (a) and (b) (d) none of these 


(v) The current in the primary circuit of a potentiometer is 0.2 A. The specific resistance 
and cross-section area of the potentiometer wire are 4 X 107” ohm metre and 8 x 107” m° 
respectively. The potential gradient will be equal to 
(a) 0.1 Vm” (b) 0.2 Vm” 

(c) 0.5 Vm! (d) 1 Vm” 


Answers 


2. (2) (c); Here emf of primary cells are 5 V and 10 V. So, the potential drop across potentiometer 
wire must be slightly more than the larger emf 10 V. So, the battery should be 15 V and 
about 4 V potential is dropped by using rheostat or resistance. 


(t) (b); IFR is increased, current in main circuit will decrease (by V = JR) as the potential (E) is 
constant. So, in turn potential difference across AB will decrease (by V = IR). As R of AB 


; , V , 
is constant so potential gradient K =~ will decrease. So, to balance potential across 


AB 
AB equal to potential of secondary circuit (£'), the length A/’ must be larger than earlier 
AJ. So, the point J shifts towards B. 


(ii) (c); In potentiometer, comparison of emfs, 


oo. 
E, l, 
— 102 5 
> 70 


70 
“Ey = 3% 102= 1.278 V 
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(wv) (c); The potentiometer is an electrical measurement device which measure emf of the cell 


and internal resistance of the cell. 


l.e., 








v-a 
R+r 


L.l 
r |4 "2 
)Ftand r | L E 


(v) (a); Let l be the length of potentiometer wire and V be the potential drop across length J. 


. . _V_IR_I/_1)\_ Ie 
Potential gradient, k = an ia lo) = a 
0.2x4x107 4 
k =————_.,— = 0.1 Vm 
8 x 10 


ASSERTION-REASON QUESTIONS 





In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). 
Choose the correct answer out of the following choices. 


(a) 
(b) 
(c) 
(d) 


1. 


Both A and R are true and R 1s the correct explanation of A. 
Both A and R are true but R is not the correct explanation of A. 
A is true but R is false. 

A is false and R is also false. 


Assertion (A) : 


Reason (R): 
Assertion (A) 
Reason’ (R) 
Assertion (A) 
Reason (R) 
Assertion (A) 
Reason (R): 
Assertion (A) 
Reason- (R) 


Assertion (A) : 


Reason (R): 
Assertion (A) 
Reason (R): 


Assertion (A) : 
(R) : 


Reason 


Electric current is a scalar quantity. 


Electric current arises due to continuous flow of charged particles. 


: The current density is a vector quantity. 


: Current density has magnitude current per unit area and is directed along the 


direction of current. 


: The connecting wires are made of copper. 
: Copper has very high electrical conductivity. 


: With increase in drift velocity, the current flowing through a metallic conductor 


decreases. 


The current flowing in a conductor is inversely proportional to drift velocity. 


: Ihe current flows in a conductor when there is an electric field within the 


conductor. 


: The electrons in a conductor drift only in the presence of electric field. 


In a metre bridge experiment, null point for an unknown resistance is put 
inside an enclosure maintained at a higher temperature. The null point can 
be obtained at the same point as before by decreasing the value of standard 


resistance. [AIIMS 2015] 


Resistance of metal increases with increase in temperature. 


: The conductivity of an electrolyte is very low as compared to a metal at room 


[AIIMS 2015] 


The number density of free ions in electrolyte is much smaller as compared to 
number density of free electrons in metals. Further, ions drift much more slowly, 


temperature. 


being heavier. 
[AIIMS 2017] 


An electrical bulb starts glowing instantly as it is switched on. 


Drift speed of electrons in a metallic wire is very large. 
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9. Assertion (A) : A wire carrying an electric current has no electric field around it. [AIIMS 2013] 
Reason (R) : Rate of flow of electrons in one direction is equal to the rate of flow of protons 

in opposite direction. 
10. Assertion(A) : Electrons move from a region of higher potential to a region of lower 
potential. [AIIMS 2013] 


Reason (R) : An electron has less potential energy at a point where potential is higher and 


vice-versa. 
Answers 
1. (b) 2. (a) 3. (a) 4. (d) 5. (a) 6. (d) 7. (a) 8. (c) 
9. (c) 10. (a) 


HINTS/SOLUTIONS OF SELECTED MCQs 


1. (b) L= 1cm = 10% m, A = (1 X 100) cm? = 10° m? 


R= 0b =3x107 x = 3x1070 
=p ox x o x 
2. (a) a = = , so resistance of the galvanometer can be omitted (P + Q are in series = 2R, R and 


l . l 2R 
S are also in series = 2R). Now the equivalent resistance = R ik: 


3. (b) It is based on null deflection and measure accurate emf because the method involves a 
condition of no current flow through the galvanometer. 


4. (b) The current density is also directed along E and is also a vector and relationship is given by 





J (5155 
The J changes due to electric field produces by charge accumulated on the surface of the 
wire. 

Eon FE ao, 

Js (C) Ey = KETI this gives €, < Eeg < Eo. 
' I 

A Np 4) Ol m’? l Os y 

— — — y Å= = — 2 m U = — = — 
DA | I Al! I n@m? 2 ' s 


RI, 


R 
ri By Wheatst bridge, = = — xn = aa 
(c) By eatstone bridge, -~c R(100-0) 100- A, 


since, here R : S = 2.9 : 97.1 > S=33R. In order to make the ratio 1 : 1, it is necessary to 


1. 
reduce the value of s = —— times, 1.2., 3 Q. 


33 


8. (b) The potential drop across wires of potentiometer should be greater than emfs of primary 
cells. So, the potential drop along potentiometer wire must be more than 10 V. 


9. (a) According to Kirchoff’s loop rule, 
=> Vxz-Vg=44+34+2=9YV. 


10. (a) The resistance of wire depends on its geometry of wire/metallic rod. So, for greater value of 


R, l must be higher and A should be lower, t.e., R = o+ 
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I =Anevz > Ix vwy 
Thus, only drift velocity determines the current in conductor. 


m l , _ , 
pae when temperature increases, than successive collision between electrons will be 
ne T 


increases and relaxation time (t) will be decreases. 





Kirchhoff’s junction rule states that algebraic sum of current flowing towards any point in 
an electric network is zero, 7.e., charges are conserved in electric network. 


so, it is a reflection of conservation of charge. 
As electrolyte carry +ve as well as -ve charge. 
1=2A+2A=4A 
Ry = Rill + ally -4))] 
2 = 1 [1+ 0.00125(t, — 27)] = tə = 827° Cor 1100 K 


ig = EXT or y= 6r (Since v = El) 


‘wee fF 
d 


As length increases n time area decreases by n times so 


~f% pi eon 
R=4, Raa 
n 


R' = pee nêR R'=n°R 





A 
In loop ABCDA oy 
-12 + 2J, + 4 (I, +h)=0 AN 
6], + 41, = 12 
In loop FADEF 
4, + I5)-In + 6 = 0 
4], + 5L = 6 real te} 
Solving (2) and (ù _ 18 _ -6 
g (i) and (ii) 1, =184,1,=2 
So, I, =I, + Is 
_18 6_l2 
= a A 


CD because slope of this portion is negative. 


Specific resistance doesn’t depend upon length and area. 


_ el _ ol 
a a: 
l l 
Kaca 
rd 
9 

R _ ds 

> d? 

8 ck) 

R, 0.5 
tae 

R, = 7 7R =20 
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24. 


25. 


rat 


28. 
29. 


30. 


31. 


33. 
34. 


36. 


14 


E e 
min 60 sec 








12 =0.2A 


Resistivity depends on material only 











vV?  _ (220)° 
A "rR? * =" T00 
Now, 
/_ V2 _ (180)? _ 180x180x100 _ 8100 _ 
=R T2207 220x220 ` 121 ~ 07W (approx) 
(100) 
In series current is same. 
2 
R = 5 (from rating) 
— (200)* 
~ 100 
Vv _ (60F _ 160x160x100 _ 6400 _ 
Now, P =R = ooo} 200x200 = 100 -94M 
100 


The current following in the different branches of circuit is shown in figure. 


2I 


—6 


I 
3 
©) 


V, =IR 
p 2L BR p 
E ` 


I 
Ve = 3 X3R =/R 


Hence, Wa V7 


h- 2A ae 
Va @—>—_$ / W/W] RV — Vs 
A 2 5V 20 B 


Vag =Va-Vpz2xX24+54+2X2 
=4+5+4=13V 
As in parallel p.d. is same 
=") (= 

V > 


Suppose two cells have emfs €, and €, (also €, > €,). 


r= RI )=10 


Potential difference per unit length of the potentiometer wire = k (say) 
When €, and €, are in series and support each other then 
e +e, = 50Xk alt) 


When €, and €, are in opposite direction 
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ais 


38. 


39. 


40. 


41. 


42. 


43. 


44. 
45. 


46. 


e -&, = 10Xk 
On adding eqn. (2) and eqn. (7) 
2€, = 60k = €, = 30k and €, = 50k — 30k = 20k 


& 30k _ 3. 
€, 20k 2 
_ Eph t Et 


0) =- ee, 


_18x1+12x2 _ 42 


9+] 3 =l4V 


(b) As according to maximum power theorem 
R=r 


internal resistance = external load 





(c) For the full length of wire, total drop required = m x 100 cm =100 mV 


lcm 


100 i 
= 3 ——mA = 304 


2V 


[= 


V 


R 


~|~ 


== =600 
30 
Now required resistance = 60 — 3 = 57 Q 
(d) V=e-u 
R=se-uw, 
0.2 x 10 = 2.1 —0.2r 
OL 


r= 99 = 07.50 


(a) For same mass if a wire is stretched, R œ l| 


AR _ 2Al 
R Ll 


ve ve L 
c) Q= R! = (ob/ A) / Ay ~*~ 
c) In series, the combined power P is given b 
p 81 y 


-BP _ 100x100 
P +P,  100+100 


= 2X0.1% =0.2% 


= 50 W 


(a) In parallel, P = P; + Po = 100 + 100 = 200 W 
b) H=lRt=msAt 
AT L 


2 

Aee > AT, = AT 

2 AT, 2772M] 
9 l 


AT, = (ay 
r 


(a) V=e-TIr 


x 5=20°C 


°_ 


dV 
Slope TI = f 


When / = 0, V = e, 
' Intercept = € O 


[ee 


WWW.JEEBOOKS.IN Current Electricity | 75 


47. (d) Applying Kirchhoff’s law in mesh ABQPA 
> &-— (i +i) R-ir = 0 


48. (c) For same mass of mercury R« + 
Y 
4 
=. R= (z) R=16R 


l . . i V 
49. (b) On cooling resistance of semiconductor Ge increases, so current / =- decreases. 


R 
50. (d) i = neAvy, for given i, uv, + 
So only current is same 
dq 


— Pr- 2 
Bl. 6) 1=7 > q= |, Idt =f (2¢+ 30°) di 


[Ee 


+ (3)°] -[(2)° + O = 24C 


52. (c) There is no current in capacitor branch. Current J in circuit ABCD (ignoring branch EF) is 














l= 2V-V _ V_ 
R+2R 3R 
d. across AB = EF = V+IR=-V+ Gp Hy 
p-C > 3 
V~.+tV+tV.=V, = V -4y_yo™ 
E CF C 3 3 
X_ t _20 X_1 
53. a) y= 00-180 > Y 4 
4x __ 4 1@5 S 
Y 100-1, => ae. ad > 1, = 50 cm 
54. (c) Potential gradient pa 4a = Lair = ~V/cm 
5 A Wy T00 
À ir = 30(E- 0.52) 
EMF, E=kl = i )xg9 = 22 
55. (a) Pd. across R == 
| wece@meross 500 Q = 12-2=10V 
10 _ 1 
!==00 > 50 
‘. This is also current in R 
-A 
R= T50) 100 Q 


56. (b) q =q (1-e""") 
T=RC=2.5 x 10°x 4x 10° =10s 


V, 
Vo + VR =12>Vc+ -~ =12>Vç=9V 


From equation of growth of charge, 


Vo= E0 =") 
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Bis 


58. 


59. 


60. 


61. 


62. 


9 = 121-6") > = t 





4 
=> t= 10 x log, 4 = 10 x 2 X 0.693 = 13.86 s 
_V? _ (100)? _ 
(b) R= P ~ 500 =20Q 
ar =P a 500 _ 
Current in bulb, / V 100 ~ 5A 
Resistance required for 200 V supply, 
a i _ 200 _ 
R= To. 40 Q 

Additional Resistance required = 40 — 20 = 20 Q 

(c) Mass of 1 litre of water = 1 kg 


nc AO 
Pt= Jmc Ab = t= a 





_ 4.18 x10" X1x1x 30 


or t 336 = 150 seconds 
-VÊ op r(Y- (usy-1 
0) P= > PTY) =\930) 74 
P' = 25 W 
W = P't = 25 x 10 x 60 J = 15 x 10ř J = 15kJ 
S. 
(b) Resistance of fourth arm S = S, and S, connected in parallel = 5 rar 
l 2 
PLR, P_ BO 459) 
Q S$ ~ Q £ 
C _(4\ 72) _(7),(B) -5 
(Uq)¢ lo J\ n 4 7 a 





(d) Ri =R, (1+a,8) and R, = R, (1+ a, 9) 
In series combination Rs = R; + Ro 
R, (1+a,9)=R (1+a,0)+ R (1+, 8) 
Bak | 


, 2R (1+a_6) = 2R, 








CO. TO 
1+{— a 
s 





A FO, 
a= 9 
Similarly, 
R (i+a,9).R (1+a,8) 


R (1t+a,80) =—2._~ 9 u 
wp | p ) R (1+0, 0)+ R (1 +a,0) 


Solving for a, and neglecting (a, + Ar 


p 


Q, + A, 
we get a, = 9 
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63. 


13. 


14. 


15. 


76. 


(c) no current flows in the potentiometer wire at balance. 


PL L 

Of a am 
Rat 
m4 
a) P=} 


when heater is connected across a source of voltage > 





P Wey 1v 
= R 4R 
Va 
(b) Mobility, =E 
m/s — 247-1 1 
Vim m Vs 


() V=IR=E-Ir 
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V 
2 9 


-2 
4 
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then power consumed 


MOVING CHARGES 


AND MAGNETISM 





IMPORTANT FORMULAE 


1 


10. 


. Magnetic field due to a straight current carrying wire, 


Biot-Savart Law: Magnetic field due to a current element 


diee 
At r 








o Hol. . 
B= Trp ‘sin 0; + sin Qo) 
where q} and q, are the angles substended by ends of the Auctor at the 
: . ; ; . H 
reference point with the normal. For infinitely long wire B= — 


. Magnetic field due to a current carrying circular coil 


LN 


(i) At centre B = 
2R 


2 
(ii) At a point on the axis B.. = Dab 


a Xa? bw (where a = radius of coil) and x is the distance of the 
i 4 


point) 


. Ampere’s circuital law: | B.di KI 


. Magnetic field strength within solenoid 


B = uo nI where n = number of turns per metre length. 


. Magnetic field due to toroid 


(i) Within the coils p = Mo NI 
2tr 


(ii) Outside the toroid B = 0. 


. Magnetic force on a moving charge in a magnetic field 


Fi=qvuxB 

. Magnetic force on a current carrying conductor 
F =I11xB 

. Force per unit length between parallel currents: 
F - IRE N/m 
l 2r 


Torque experienced by a current carrying loop in a uniform magnetic field 


T= NIAXB=MXB 
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11. Magnetic moment of a current loop 


M =NIA ampere X metre” 


12. Deflection in moving coil galvanometer 


Current sensitivity of a galvanometer S = 7° A 


=Z] 
=- 


0 NAB 
C 


13. For conversion of galvanometer into ammeter, 


lg 


I-I; 


I 
£ 





Shunt resistance required S = 


14. For conversion of galvanomter into voltmeter, 


Series resistance required R = - -G 
g 


MULTIPLE CHOICE QUESTIONS 


Choose and write the correct option in the following questions. 


1. 


80 


If a conducting wire carries a direct current through it, the magnetic field associated with the 
current will be a 


(a) both inside and outside the conductor (b) neither inside nor outside the conductor 

(c) only outside the conductor (d) only inside the conductor 

A compass needle is placed above a straight conducting wire. If current passes through the 
conducting wire from South to North. Then the deflection of the compass ___ 
(a) is towards West (b) is towards East 

(c) keeps oscillating in East-West direction (d) no deflection 





When a charged particle moving with velocity v is subjected to a magnetic field of induction 
B, the force on it is non-zero. 

This implies that 

(a) angle between is either zero or 180° 

(b) angle between is necessarily 90° 

(c) angle between can have any value other than 90° 


(d) angle between can have any value other than zero and 180° 
Consider the following two statements about the Oersted’s experiment. 


Statement P: The magnetic field due to a straight current carrying conductor is in the form of 
circular loops around it. 


Statement Q: The magnetic field due to a current carrying conductor is weak at near points 
from the conductor, compared to the far points. 

(a) Both P and Q are true (b) Both P and Q are false 

(c) P is true, but Q is false (d) P is false, but Q is true 

Consider the following statements about the representation of the magnetic field 

Statement P: The magnetic field emerging out of the plane of the paper is denoted by a dot (©). 

Statement Q: The magnetic field going into the plane of the paper is denoted by a cross (®). 

(a) Both P and Q are true (b) P is true, but Q is false 

(c) P is false, but Q is true (d) Both P and Q are false 
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14. 


Two charged particles traverse identical helical paths in a completely opposite sense in a 


uniform magnetic field B = Bk f [NCERT Exemplar] 
(a) They have equal z-components of momenta 


(b) They must have equal charges 
(c) They necessarily represent a particle, anti-particle pair 


(d) The charge to mass ratio satisfy: (=) F (=) = A) 


Biot-Savart law indicates that the moving electrons (velocity v) produce a magnetic field B 
such that [NCERT Exemplar| 
(a) B is perpendicular to v 

(b) B is parallel to v 

(c) it obeys inverse cube law 

(d) it is along the line joining the electron and point of observation 

An electron is projected with uniform velocity along the axis of a current carrying long 
solenoid. Which of the following is true? [NCERT Exemplar] 
(a) The electron will be accelerated along the axis 

(b) The electron path will be circular about the axis 

(c) The electron will experience a force at 45° to the axisand hence execute a helical path 

(d) The electron will continue to move with uniform velocity along the axis of the solenoid 

A micro-ammeter has a resistance of 100 © and a full scale range of 50 uA. It can be used as a 


higher range ammeter or voltmeter provided resistance is added to it. Pick the correct range 
and resistance combinations. 


(a) 50 V range and 10 kQ resistance in series 
(b) 10 V range and 200 kQ resistance in series 
(c) 5 mA range with 1 Q resistance in parallel 
(d) Both (b) and (c) 
A current carrying circular loop of radius R is placed in the x-y plane with centre at the origin. 
Half of the loop with x > 0 is now bent so that it now lies in the y-z plane. 
[NCERT Exemplar] 
(a) The magnitude of magnetic moment now diminishes. 
(b) The magnetic moment does not change. 
(c) The magnitude of B at (0,0, z), z> >R increases. 
(d) The magnitude of B at (0,0, z), z> >R is unchanged. 
A current carrying loop is placed in a uniform magnetic field. The torque acting on it does not 
depend upon the 
(a) shape of the loop (b) area of the loop 
(c) value of current (d) magnetic field 


A circular coil of 50 turns and radius 7 cm is placed in a uniform magnetic field of 4 T normal 
to the plane of the coil. If the current in the coil is 6 A then total torque acting on the coil is 


(a) 14.78 Nm (b) O (c) 7.39 Nm (d) 3.69 Nm 
The gyro-magnetic ratio of an electron in an H-atom, according to Bohr model, is 
(a) independent of which orbit it is in (b) negative 

(c) positive (d) both (a) and (b) 

The sensitivity of a moving coil galvanometer increases with the decrease in: 

(a) number of turns (b) area of coil 

(c) magnetic field (d) torsional rigidity 
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19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


A voltmeter of range 2V and resistance 300 © cannot be converted to an ammeter of range: 

(a) 5 mA (b) 8 mA (c) LA (d) 10 A 

In an ammeter 4% of the mains current is passing through galvanometer. If the galvanometer 
is shunted with a 5 Q resistance, then resistance of galvanometer will be 

(a) 116 Q (b) 117 Q (c) 118 Q (d) 120 Q 

The SI unit of magnetic flux density is 

(a) weber (b) tesla (c) maxwell (d) gauss 


Newton meter per ampere is the unit of 

(a) magnetic induction (b) magnetic susceptibility 

(c) magnetic permeability (d) magnetic flux 

A moving electron enters normally into a uniform magnetic field; its 

(a) direction of motion will change (b) speed will increase 

(c) speed will decrease (d) velocity will remain the same 
In a magnetic field acting along x-axis, a conductor carries a current along the y-axis. The 
force experienced by the conductor is along 

(a) the +ve z-axis (b) the —ve z-axis 

(c) the —ve x-axis (d) the -ve y-axis 

For conversion of a galvanometer into an ammeter, one should use 

(a) a high resistance in series (b) a high resistance in parallel 


(c) a low resistance in series (d) a low resistance in parallel 


The time rate of work done by a magnetic field on a charged particle moving on a helical path 
is 

(a) qB (b) gB/v" (c) gBu" (d) zero 

In a certain region of space, electric field E and magnetic field B are perpendicular to 
each other. An electron enters perpendicularly to both the fields and moves undeflected. The 
velocity of electron is 


B (b) EXB (c) E.B (d) 


bos | to 


A deuteron of kinetic energy 50 keV is describing a circular orbit of radius 0.5 m in a plane 


perpendicular to the magnetic field B. The kinetic energy of the proton that describes a 
circular orbit of same radius and inside same B is 


(a) 25. keV (b) 100 keV (c) 200 keV (d) 50 keV 


Current sensitivity of a galvanometer can be increased by decreasing 

(a) torsional constant K (b) area A 

(c) magnetic field B (d) number of turns N 

An electric current passes through a long straight copper wire. At a distance 5 cm from the 


straight wire, the magnetic field is B. The magnetic field at 20 cm from the straight wire would 
be 


a) = ) = o = a) = 


A wire in the form of a circular loop, of one turn carrying a current, produces magnetic 
induction B at the centre. If the same wire is looped into a coil of two turns and carries the 
same current, the new value of magnetic induction at the centre is 

(a) 4B (b) 2B (c) B (d) 8B 
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30. 


31. 


32. 


aos 


34. 


35. 


36. 


3i.: 


38. 


39. 


A circular coil of radius a carries an electric current. The magnetic field due the coil at a point 
on the axis of the coil located at a distance r from centre of the coil, such that r> >a varies 


l l l i 
(2) “39 0) “3 C) “9 a) > 


A solenoid has 1000 turns per metre length. If a current of 5 A is flowing through it, then 
magnetic field inside the solenoid is 


(a) 2n X10°T (b) 4nX10°T (c) 2m X 10°T (d)4nxX10°T 
If distance between two current- carrying wires is doubled, then force between them is 
(a) halved (b) doubled (c) tripled (d) quadrupled 
The coil of a moving coil galvanometer is wound over a metal frame in order to 

(a) increase moment of inertia (b) provide electromagnetic damping 
(c) reduce hysteresis (d) increase sensitivity 


If in a moving coil galvanometer, a current J in its coil produces a deflection 0, then 


(a) I«tanO (b) I «0° (c) lx 6 d) Ixð 
The ratio of voltage sensitivity (V;) and current sensitivity (I¿) of a moving coil galvanometer 
is 
a) (6) G C) C d) -z 
G G? 


Two thin, long and parallel wires separated by a distance ‘d’ carry a current ‘i’ ampere each. 
The magnitude of the force per unit length exerted by one wire on the other is 











2 . 2 . 
Ho? Ho? Ho? Ho? 

O O > O >a D a 

Two parallel wires carrying currentin the same direction attract each other due to 

(a) magnetic force (b) electric force 

(c) mutual induction (d) electromagnetic emf 


A strong magnetic field is applied to a proton at rest. Then 

(a) the particle moves in opposite direction of the applied field. 

(b) the particle moves in the direction of the applied field. 

(c) the particle continues to be at rest (consider the proton as a charged particle only). 
(d) the particle executes circular motion in magnetic field. 

A charge of +5 mC enters a uniform magnetic field parallel to the direction of the field. What 
will happen to the motion of the charge? 

(a) It will move undedicated. 

(b) It will perform circular motion in a plane parallel to the field. 

(c) It will perform circular motion in a plane perpendicular to the field. 

(d) It will continue to move in the field direction with acceleration. 


Which one decides the direction of magnetic lines of force due to a straight wire carrying 
current? 


(a) Right hand thumb rule (b) Fleming’s left hand rule 

(c) Ampere’s rule (d) Fleming’s right hand rule 

A small bar magnet held vertically is allowed to fall from a height through a metal ring of 
radius 0.1m. The acceleration of the magnet shall be 

(a) greater than g (b) equal to g 

(c) zero (d) less than g 
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42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


The expression for magnetic force per unit charge F , when a charge q moves with a velocity 
v in a magnetic field B is given by 

— .2 — = > — l = PA —>- a pn 
(a) F = .B) (b) F, = (XB) (c) F = q x B) (d) F, =q40 XB) 
The force between two parallel current carrying conductors separated by a distance x is F. If 
the current in each conductor is doubled and the distance between them is halved, then the 
force between them becomes 
(a) F (b) 8F (c) 4F (d) 2F 
Time period of a charged particle undergoing a circular motion in a uniform magnetic field is 
independent of 


(a) speed of the particle (b) mass of the particle 
(c) charge of the particle (d) magnetic field 


A current loop in a magnetic field 

(a) can be in equilibrium in two orientations, both the equilibrium states are unstable. 

(b) can be in equilibrium in two orientations, one stable while the other is unstable. 

(c) experiences a torque whether the field is uniform or non uniform in all orientations. 

(d) can be in equilibrium in one orientation. 

Two circular coils 1 and 2 are made from the same wire but the radius of the first coil is twice 
that of the second coil. What ratio of the potential difference (in volt) should be applied across 
them, so that the magnetic field at their centres isthe same? 

(a) 2 (b) 3 (c) 4 (d) 6 

A square current carrying loop is suspended in a uniform magnetic field acting in the plane 
of the loop. If the force on one arm of the loop is F , the net force on the remaining three arms 
of the loop is 


(a) -F (b) -3F (c) F (d) 3F 


A particle of mass m, charge Q and kinetic energy J enters a transverse uniform magnetic field 
of induction B. After 3 seconds, the kinetic energy of the particles will be: 


(a) 3J (b) 2J (c) J a) 4J 

A galvanometer has a coil of resistance 100 Q and gives a full scale deflection for a current of 
30 mA. If it isto work as a voltmeter of 30 V range, the resistance required to be added will be 
(a) 500 Q (b) 900 Q (c) 1000 Q (d) 1800 Q 

When a charged particle moving with velocity v is subjected to a magnetic field of induction 
B , the force on it is non-zero. This implies that 

(a) angle between v and B can have any value other than zero and 180° 
(b) angle between v and B is either zero or 180° 

(c) angle between v and B is necessarily 90° 

(d) angle between v and B can have any value other than 90° 

Two particles and of masses m, and mz, respectively and having the 
same charge are moving in a plane. A uniform magnetic field exists 
perpendicular to this plane. The speeds of particles are v, and vg 
respectively and trajectories are shown in figure. Then 





(a) m4 U4 < Mp Ug (b) m; V4 > mg Ug 
(c) m4 < mg and v4 vg (d) m4 = mpg, V4 = UB 
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A coil having N-turns is wound tightly in the form of a spiral with inner and outer radii ‘a’ and 
‘b’ respectively. When the current ‘P passes through the coil, the magnetic field at the centre is 











ho NI HNI 
a) -3 (b) —] 

HoN b Ho NI b 
O 20-a Sa D pa Bea 


A particle of mass m and charge q moves with a constant velocity Y 


v along positive X-axis. It enters a region containing a uniform 
magnetic field B directed along the negative Z-axis, extending 
from x = a tox = b. The minimum value of v required so that the 
particle can just enter the region x > b is 





bB (b-a)B 
a) EF 6) == 
qaB q(b+a)B a = X 
(c) m (d) ðm Xx=4 x=b 


A proton of mass 1.67 X m~ kg and charge 1.6 x 107" C is projected with a speed of 2 x 10° 
m/s at an angle 60° with x-axis. If a uniform magnetic field of 0.104,T is applied along y-axis, 
the path of the proton is: 

(a) a circle of radius 0-1 m and time period 27 X 10” s 

(b) a circle of radius 0-2 m and time period 15 x LO% s 

(c) a helix of radius 0-1 m and time period 27 X 10” s 

(d) a helix of radius 0-2 m and time period 4m X 10” s 

Two thin metallic strips carrying currents in the direction shown, cross each other 


perpendicularly without touching but being close to each other, as shown in fig. The regions 
which contain some point of zero magnetic induction are: 





(a) land Il (b) Land III (c) II and III (d) land IV 


Two particles having masses in the ratio 1: 1 and charge 1: 2 are projected into a uniform 
magnetic field perpendicular to field with speeds in the ratio 2: 3. The ratio of the radii of 
circular path along which the two particles move is 

(a) 4:3 (b) 2:3 (a ee | (d) 1:4 

A long wire carries a steady current. It is bent into a circle of one turn and the magnetic field 
at the centre of the coil is B. It is then bent into a circular loop of n-turns. The magnetic field 
at the centre of the coil will now be 

(a) nB (b) n°B (c) 2nB (d) 2n? 

Two long conductors separated by a distance ‘d’ carry currents J, and J, in the same direction 
and exert force F on each other. Now the current in one of them is increased two times and its 
direction is reversed. The distance is also increased to 3d. The new value of the force between 


them is 


F 
(a) - 2F o £ ©) -2 a) -2 
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58. 


a9. 


60. 


61. 


62. 


Wires | and 2 carrying currents 7, and 7, respectively are inclined 
at an angle O to each other. What is the attractive force on a small 
element dl of wire 2 at a distance r from wire 1 (as shown in fig.) due 
to magnetic field of wire 1. 





(tq?) idl tan O (12, idl sin O 
a on, o Onr 
Hot idl cos 0 (1%, idl sin O 
or O) ar 


A long straight wire along z-axis carries a current ‘2’ in the negative z-direction. The magnetic 


vector field B ata point having coordinates (x, y) on z = 0 plane is 


toi(yi—x J) ; Woi(xity 7) 
2N (x? + y’) 2N (x? + y’) 
miej-3i) mibi) 
On (x° + y’) On (x° +y”) 


A conducting loop carrying current J is placed in a uniform magnetic field 
pointing into the plane of the paper as shown in fig. The loop will have a 
tendency to 

(a) contract 

(b) expand 

(c) move towards positive x-axis 

(d) move towards negative x-axis 

A uniform magnetic field B = — B,. exists in the region x > 0. An electron with velocity u 


travels along the positive x-axis. When the electron emerges out of the field, its y-component 
and velocity v will be 





(a) y>O0,v>u (b)y <0, v>u 
(c) y< 0, v=u (d)y> 0, v=u 
Two particles each of mass m and charge q are attached to the two ends of a light rod of length 
2R. The rod is rotated at a constant angular speed about a perpendicular axis passing through 


its centre. The ratio of the magnitude of the magnetic moment of the system and its angular 
momentum about the centre of the rod is 


q q 2q q 
0) Sm UEA C) m (d) tn 
Two concentric coils each of radius equal to 27 cm are placed at right angles to each other. 


Currents of 3 A and 4 A are flowing in the coils respectively. The magnetic induction in 
Wb/m? at the centre of the coils will be (u) = 47 X 1077 Wb/A-m) 


(a) 10° (b) 12 x 10° 
(c) 7x 10° (d) 5 x 10° 
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68. 


An infinitely long conductor PQR is bent to form a right angle as M 
shown in fig. A current J flows through POR. The magnetic field 


due to this current at M is B, Now another infinitely long straight P- ae A 
conductor QS is connected at Q, so that current is 5 in QR as well i i 
as in QS, the current in PQ remaining unchanged. The magnetic R 

B 
field at M is now B». The ratio a is 

2 
l 2 

a) 5 (b) 1 (c) 3 (d) 2 


A square loop ABCD of each side is formed of wire ABC of resistance r and ADC of resistance 
2r. The magnetic field B at the centre O of the loop is 





V2 mi V2 mi 2/2 pi 


6na 2 3na @) 31a 








(a) 0 (b) 


A moving coil galvanometer has 150 equal divisions. Its current sensitivity is 10 divisions per 
mA and voltage sensitivity is 2 divisions per mV. In order that each division reads 1 volt, the 
resistance in ohm needed to be connected in series with the coil will be 


(a) 105Q (b) 108.Q (c) 9995 Q (d) 99995 Q 


A galvanometer has a resistance 100 © and it requires current 100 uA for full scale deflection. 
A resistor 0.1 Q is connected to make it ammeter. The smallest current in the circuit to produce 
full scale deflection is 


(a) 1000-1 mA (b) 1-1 mA (c) 10-1 mA (d) 100-1 mA 


Two small magnets, each of magnetic moment of 10 A-m? are placed in end on position 0-1 m 
apart from their centres. The force acting between them is 


(a) 0-6 X 10’ N (b) 6 x 107N (c) 0-6 N (d) 0-06 N 


Two short magnets are placed on a piece of cork which floats on water. The magnets are so 
placed that the axis of one produced bisects the axis of the other at right angles. Then the cork 





(a) rotates only 
(b) moves along a straight line only 
(c) has rotational as well as translational motion 


(d) has neither translational nor rotational motion 
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13. 


centre is 6-28 x 107 Wb/mĉ. Another long solenoid has 100 turns per cm and it carries a 
current of . The value of the magnetic field at its centre is 

(a) 1-05 X 10° Wb / m? (b) 1-05 x 10° Wb / m° 

(c) 1-05 X 10° Wb / m° (d) 1-05 xX 10* Wb / m* 


A horizontal overhead power line is at a height of 4 m from the ground and carries a current 
of 100 A from east to west. The magnetic field directly below it on the ground is 


(uo = 4r X 107” Tm A“) 


Vertical | ! 
> 
S”B'S 


(a) 5 X 10° T southward (b) 2-5 X 107 T northward 
(c) 2:5 X 10” T southward (d) 5 X 10° T northward 
A particle of mass m and charge q, moving with velocity v enters region II normal to boundary 


as shown in fig. Region II has a uniform magnetic field B, perpendicular to the plane of the 
paper. The length of the region II is l. Then which of the following is incorrect. 


Regioni |*_* X X 


Region Il 
XIX XPX 
A T x Region III 
Us |XX xBx 
xX X X X 
X X X X 
X X X X 
| l E Dap qiB 
(a) The particle enters region III only if its velocity is v > >. 
qlB 
(b) The particle enters region III only if v < >. 
LB 
(c) Path length of particle in region II is maximum when velocity v = a ; 


(d) Time spent in region II is same for any velocity v as long as the particle returns to region I. 
A charged particle with charge q enters a region of constant uniform and mutually orthogonal 
fields E and B with velocity v perpendicular to both E and B and comes out without any 


change in magnitude or direction of v . Then 














+ BxE > ExB 
(a) U= F2? (b) v= F2? 

+ BXxE > ExB 
(c) Uv — F2? (d) v = 9 


A charged particle moves through a magnetic field perpendicular to its direction. Then 
(a) both momentum and kinetic energy of the particles are not constant 


(b) both momentum and kinetic energy of the particles are constant 
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(c) kinetic energy changes but momentum remains constant 


(d) momentum changes but kinetic energy remains constant 
A long straight wire of radius a carries a steady current i. The current is uniformly distributed 


r P . r a ‘ 
over its cross-section. The ratio of the magnetic field at 9 and 2a is 


(a) 4 @) 1 © > a) + 


Two long parallel wires are at a distance 2d apart. They carry steady currents flowing out of 
the plane of paper as shown. The variation of the magnetic field B along the line X'X is given 
by 


B B 





A thin flexible wire of length L is connected to two adjacent fixed points and carries a current 
I in the clockwise direction as shown in Fig. When the system is put in a uniform magnetic 
field of strength B going into the plane of the paper, the wire takes the shape of a circle. The 
tension in the wire is 


x x x x x 

x x x x x 

x x x 

x x xB 

x x x 

x x x x x 

x x x x 

IBL IBL 

(a) IBL (b) IBL/n (c) On (d) i 
A moving charge produces 
(a) electric and magnetic fields both (b) electric field only 
(c) magnetic field only (d) neither electric nor magnetic field 


A proton charge (+e coulomb) enters in a magnetic field of strength B (tesla) perpendicular to 
the magnetic lines of force, with speed v. The force on the proton is 

(a) evB (b) zero (c) œ (d) evB/2 

A proton charge (+e coulomb) enters in a magnetic field of strength B tesla making an angle 


30° with the direction of magnetic field with speed v. The magnetic force on the proton is 
(a) evB (b) zero (c) œ (d) evB/2 
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A charged particle enters in a magnetic field perpendicular to the magnetic lines of force. The 
path of the particle is 


(a) straight line (b) circular 

(c) elliptical (d) spiral 

A charged particle enters at 30° to the magnetic field. Its path becomes 

(a) circular (b) helical 

(c) elliptical (d) straight line 

A current carrying wire produces 

(a) only electric field (b) only magnetic field 

(c) both electric and magnetic fields (d) no field 

Two parallel wires carrying currents in the same direction attract each other because of 
(a) potential difference between them (b) mutual inductance between them 
(c) electric forces between them (d) magnetic forces between them 


A uniform electric field and a uniform magnetic field are produced, pointed in the same 
direction in a certain region. An electron is projected with its velocity pointed in the same 
direction 

(a) the electron will turn to its left 

(b) the electron will turn to its right 

(c) the electron velocity will increase in magnitude 


(d) the electron velocity will decrease in magnitude 


A conducting circular loop of radius r carries a constant current 7. It is placed in a uniform 
magnetic field B such that B is perpendicular to the plane of loop. The magnetic force acting 
on the loop is 

(a) Bor (b) 27 irB 

(c) O (d) uirB 

When a straight conductor is carrying an electric current 

(a) there are circular magnetic lines of force around it. 

(b) there are no magnetic lines of force near it. 

(c) there are magnetic lines of force parallel to conductor along the direction of current. 


(d) there are magnetic lines of force parallel to conductor opposite to the direction of current. 


Which of the following correctly represents the variation of magnetic flux density B with 
distance r of a long straight wire carrying a steady current? 


a) B b) B 
(c) | 
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There is a magnetic field acting in a plane downward perpendicular to sheet of paper (Fig.). 
Particles in vacuum move in the plane of paper from left to right. The path indicated by an 
arrow could be travelled by 


(a) proton (b) neutron 

(c) electron (d) a-particle 

A stream of electrons is projected horizontally to the right. A straight conductor carrying a 
current is supported parallel to electron stream and above it. If the current in the conductor 
is from left to right, then what will be the effect on electron stream? 

(a) The electron stream will be speeded up towards the right. 

(b) 

(c) 


(d) The electron stream will be pulled downward. 


The electron stream will be retarded. 


The electron stream will be pulled upward. 


The Lorentz force experienced by a charged particle of charge q, moving with velocity v ina 
magnetic field B is given by 

(a) F=q(v *B) b) F=qW XB) 

(c) F=q(Bxv) (d) F=vxB/q 


The force on a charged particle in a magnetic field is maximum when the angle between the 
direction of motion and the magnetic field is 


(a) 0° (b) 90° 

(c) 45° (d) 180° 

Two magnetic lines of force 

(a) intersect at the neutral point (b) intersect near north or south poles 

(c) cannot intersect at all (d) depend on the position of the magnet. 


The radius of the path of a charged particle moving in a magnetic field is proportional to 
(a) mass (b) charge 
(c) energy (d) momentum of the particle 


A rectangular loop carrying a current is situated near a long straight wire such that the wire 
is parallel to one of the sides of the loop and is in the plane of the loop. If a steady current J is 
established in the wire, as shown in fig., the loop will 


A 
I K i L 
N i M 
B 
(a) rotate about an axis parallel to the wire (b) move away from the wire 
(c) move towards the wire (d) remain stationary 
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96. 


97. 


98. 


99. 


100. 


101. 


102. 


103. 
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In the adjoining figure, PQ is a long current-carrying wire which is placed near 
a current-carrying coil. The direction of the force acting on PQ will be: 


(a) parallel to PQ towards P 
(b) parallel to PQ towards Q 
(c) perpendicular to PQ towards right 


(d) perpendicular to PQ towards left Q 


Two thin, long, parallel wires separated by a distance 6 are carrying a current 7 each in the 
same direction. The force per unit length exerted by one wire on the other is 











Hot Nim repulsi ; Ho o N o 
(a) On? /m (repulsive) (b) onh 2” N/m (attractive) 
D Nim (repulsive) a) Yh (attractive) 
c m (repulsive m (attractive 
onb? . orb? 


A charge moves with velocity v in a region where electric field E and magnetic field B both 


exist. The force on the particle is 


(a) q(v xB) (b) qE+q(v xB) 
c) gE+q(Bxr) d) qE+q(Exv) 


The magnetic force acting on a charged particle of charge -2uC moving with velocity 
(2i + 3j)x10° ms” in a magnetic field of 2 directed in y-direction is 

(a) 4 N in z-direction (b) 8 N in y-direction 

(c) 8 N in z-direction (d) 8 N in negative z-direction 

The magnetic field is made radial in a galvanometer 

(a) to make field stronger (b) to make field weaker 


(c) to make scale linear (d) to reduce its resistance 


The magnetic dipole moment of a current carrying coil does not depend upon 


[CBSE 2020 (55/1/1)| 
(a) number of turns of the coil. (b) cross-sectional area of the coil. 


(c) current flowing 1n the coil. (d) material of the turns of the coil. 


An electron is released from rest in a region of uniform electric and magnetic fields acting 


parallel to each other. The electron will [CBSE 2020 (55/2/1)| 
(a) move in a straight line. (b) move in a circle. 
(c) remain stationary. (d) move in a helical path. 


A straight current carrying conductor is placed inside a uniform magnetic field. The force per 
unit length acting on the conductor is [CBSE 2020 (55/2/3)| 
(a) maximum when the conductor is perpendicular to the direction of magnetic field. 

(b) 
(c) 


(d) minimum when the conductor makes an angle of 45° with the direction of magnetic field. 


maximum when the conductor is along the direction of magnetic field. 


minimum when the conductor is perpendicular to the direction of magnetic field. 


A region has a uniform magnetic field in it. A proton enters into the region with velocity 
making an angle of 45° with the direction of the magnetic field. In this region the proton will 


move on a path having the shape of a [CBSE 2020 (55/3/1)] 
(a) straight line (b) circle 
(c) spiral (d) helix 
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104. An isosceles right angled current carrying loop PQR is placed in a uniform magnetic field B 
pointing along PR. If the magnetic force acting on the arm PQ is F, then the magnetic force 
which acts on the arm QR will be [CBSE 2020 (55/3/1)| 

I R I 
B À À 
‘+ pil— ! ‘Q 
(a) F ) =. 6) V2F d) -Æ 
V2 

105. A current J flows through a long straight conductor which is bent into I 

circular loop of radius R in the middle as shown in the figure. 
The magnitude of the net magnetic field at point O will be 
[CBSE 2020 (55/4/1)| O R eee 
Hol 

— (1+ 

(a) zero (b) TR (1+7) 
ol ol l 

() FaR () “OR (1 -z) 

106. A current of 10 A is flowing from east to west in a long straight wire kept on a horizontal table. 
The magnetic field developed at a distance of 10 cm due north on the table is: 

[CBSE 2020 (55/4/1)| 
(a) 2x 10° T, acting downwards (b)2x10°T, acting upwards 
(c) 4 x 10° T, acting downwards (d) 4 X 10° T, acting upwards 

107. An electron and a proton are moving along the same direction with the same kinetic energy. 
They enter a uniform magnetic field acting perpendicular to their velocities. The dependence 
of radius of their paths on their masses is: [CBSE 2020 (55/4/2)| 

l l 
ajram b raym E e d) ra- = 
(a) (b) (c) m. (d) In 

108. A charge particle after being accelerated through a potential difference ‘V’ enters in a uniform 
magnetic field and moves in a circle of radius r. If V is doubled, the radius of the circle will 
become [CBSE 2020 (55/5/1)| 
(a) 2r (b) V2r (c) 4r (d) r//2 

Answers 

1. (c) 2. (a) 3. (d) 4. (c) 5. (a) 7. (d) 7. (a) 8. (d) 

9. (d) 10. (a) 11. (a) 12. (b) 13. (d) 14. (d) 15. (a) 16. (d) 
17. (b) 18. (d) 19. (a) 20. (b) 21. (d) 22. (d) 23. (d) 24. (b) 
25. (a) 26. (c) 27. (a) 28. (b) 29. (a) 30. (a) 31. (b) 32. (d) 
33. (a) 34. (a) 35. (a) 36. (c) 37. (a) 38. (a) 39. (d) 40. (b) 
41. (b) 42. (a) 43. (b) 44. (c) 45. (a) 46. (c) 47. (b) 48. (a) 
49. (b) 50. (c) 51. (b) 52. (c) 53. (d) 54. (a) 55. (b) 56. (c) 
Sf. (2) 58. (a) 59. (b) 60. (c) 61. (a) 62. (d) 63. (c) 64. (c) 
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65. (c) 66. (d) 67. (c) 68. (d) 69. (a) 70. (a) 71. (b) 72. (d) 
73. (d) 74. (b) 75. (b) 76. (c) 77. (a) 78. (a) 79. (d) 80. (b) 
81. (b) 82. (b) 83. (d) 84. (d) 85. (c) 86. (a) 87. (d) 88. (c) 
89. (b) 90. (b) 91. (b) 92. (c) 93. (d) 94. (c) 95. (d) 96. (b) 
97. (b) 98. (d) 99. (c) 100. (d)  101.(a) 102.(2) 103.(d) 104. (d) 
105. (d) 106. (a) 107.(b) 108. (b) 


CASE-BASED QUESTIONS 


Attempt any 4 sub-parts from each question. Each question carries 1 mark. 


1. LOUDSPEAKERS: 

A common application of the magnetic force on a current carrying wire is found in loudspeakers. 
The magnetic field created by the permanent magnet exerts a force on the voice coil that is 
proportional to the current in the coil; the direction of the force is either to the left or to the 
right, depending on the direction of the current. The signal coming from the amplifier causes 
the current to oscillate in direction and magnitude. The coiland the speaker cone to which it is 
attached respond by oscillating with an amplitude proportional to the amplitude of the current 
in the coil. Turning up the volume knob on the amplifier increases the current amplitude and 
hence the amplitudes of the cone’s oscillation and of the sound wave produced by the moving 
cone. 


The force is always perpendicular to both the conductor and the field, with the direction 
determined by the same right-hand rule we used for a moving positive charge. Hence, this force 


can be expressed as a vector product, just like the force on a single moving charge. We represent 
> > 
the segment of wire with a vector / along the wire in the direction of the current, then force F 


on this segment is 


> > > 
F =Il xB (i.e., magnetic force on a straight wire segment) 





Rigid 

apace B field of 
permanent 
magnet 






Magnets 
Basket 


Direction 
of motion 





Signal 
from 
amplifier 


(b) 


(i) Loudspeaker works on the principle of 
(a) detector (b) generator 
(c) amplifier (d) motor 
(ii) Electrodynamic speaker can handle which type of audio power relative to permanent 
magnet type speaker? 
(a) Lower (b) Equal 
(c) Higher (d) Both (a) and (b) 
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(iiit) To increase the power handling capacity in loudspeakers which type of magnet is used? 
(a) Temporary magnet (b) Permanent magnet 
(c) Electromagnet (d) None of these 

(iv) A horizontal wire 0.1 m long carries a current of 5 A. Find the magnitude and direction of 
the magnetic field, which can balance the weight of wire. Given the mass of the wire is 3 X 
10° kg/m and g = 10 m/s”. 
(a) 6 X 10° T, acting horizontally perpendicular to wire 
(b) 6 x 10° T, acting vertically upwards 
(c) 


(d) 6 X 10° T, acting horizontally perpendicular to wire 


6 x 10° T, acting vertically downwards 


(v) A square current carrying loop is suspended in a uniform magnetic field acting in the 
plane of the loop. If the force on one arm of the loop is F , the net force on the remaining 


three arms of the loop is 


(a) F ©) -F 
(c) 3F (d) -3 F 
Answers 
1. (2) (d); A common application of the magnetic force on a current carrying wire is found in 


loudspeakers as similar case in motor in which current carrying coil experience force in 
presence of magnetic field. 

(t) (c); Itis a type of higher audio power relative to permanent magnet type speaker. 

(222) (c); The electromagnet is used to increase the power handling capacity in loudspeakers. 

(iv) (a); Here, mass of wire, m = 0.1 X (3 X 10°) kg 
In equilibrium position, F = IB = mg 
L- p= M8 n CLIR x10 _ 6197 
The weight is wire be supported by force F if it acts vertically upwards. It will be so if the 
direction of B is horizontal and perpendicular to wire carrying current. 

(v) (b); As clear from figure, force on arm PS and arm RQ is Zero. P 
If F is force on arm RS, the force on arm PQ is -F . 


Therefore, net force on the remaining three arms of the 


loop = - F. 





2. VELOCITY SELECTOR: 


In a beam of charged particles produced by a heated cathode or a radioactive material, not 
all particles move with the same speed. Particles of a specific speed can be selected from the 
beam using an arrangement of electric and magnetic fields called a velocity selector. A charged 
particle with mass m, charge q and speed v enters a region of space where the electric and 
magnetic fields are perpendicular to the particle’s velocity and to each other. The electric field 


> > 
E is vertically downward and the magnetic field B is into the plane. If q is positive, the electric 
force is downward with magnitude gE, and the magnetic force is upward with magnitude quB. 
For given field magnitude E and B, for a particular value of v the electric and magnetic force will 
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be equal in magnitude the total force is then zero, and the particles travels in a straight line with 
constant velocity. For zero total force, 2Fy = 0, we need -qE + quB = 0. Solving for the speed v 
for which there is no deflection, we find 


E 
Only particles with speeds equal to p can pass through without being deflected by the fields. 


By adjusting E and B appropriately, we can select particles having a particular speed for use in 
other experiments. Because g divides out, a velocity selector for positively charged particles also 
works for electrons or other negatively charged particles. Therefore, from the above discussion, 
a velocity selector is a region in which there is a uniform electric field and uniform magnetic 
field. The fields are perpendicular to one another, and perpendicular to the initial velocity of the 
charged particles that are passing through the region. 


qvB 


qE 





(a) (b) 


(i) An electron is projected with uniform velocity along the axis of a current carrying long 
solenoid. Which of the following is true? 
(a) The electron will continue to move with uniform velocity along the axis of the solenoid. 
(b) 
(c) 


(d) The electron will be accelerated along the axis. 


The electron will experience a force at 45° to the axis and hence execute a helical path. 


The electron path will be circular about the axis. 


(ii) A cubical region of space is filled with some uniform electric and magnetic fields. An 
electron enters the cube across one of its faces with velocity v and a positron enters via 
opposite face with velocity —v. At this instant 
(a) the motion of the centre of mass (CM) is determined by B alone. 

(b) both particles gain or loose energy at the same rate. 
(c) the magnetic forces on both the particles cause equal accelerations. 
(d) all of the above 


(iii) A charged particle would continue to move with a constant velocity in velocity selector, 


where in 
(a)E#0,B #0 b) E=0,B #0 
(c) both (a) and (b) (d) none of these 


(iv) A charged particle goes undeflected in a region of velocity selector containing electric and 
magnetic field. It is possible that 


(a) E is not parallel to Bando (b) E |l B, v | E 
(c) v | B but E. is not parallel to E (d) E I| B butv is not parallel to E 
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(v) A charged particle with charge q enters a region of constant, uniform and mutually 
orthogonal field E = 50 NC and magnetic field, B= 2.5 x 10” weber m™ with a velocity v 


perpendicular to both E and B. It comes out without any change in velocity with a magnitude 


of 
(a) 0.5 X 10° m/s (b) 10° m/s 
(c)2 X 10° m/s (d) 2.5 X 10° m/s 
Answers 
2. (2) (a); The Lorentz force acting on a charged particle in a magnetic and electric field is 


> > > > 

F=q[E +v xB]. As there is no E, force due to electric field is zero and force due to B is 
perpendicular to the direction of v and B which will be perpendicular to the direction of 
motion (v), so, will not affect the velocity of moving charge particle. 


(t) (a); ASF = q w x B) ,u.é., F is perpendicular to velocity and magnetic field, so particle revolves 


(202) (c); 


(tv) (b); 


> > 
perpendicular to both Band v with uniform speed. But magnitude of acceleration by 


magnetic field is equal as magnitude of charge, v, E. and-B are constant. So, it gain 
or loose the energy at the same rate. There is nochange in centre of mass of particle 
therefore the motion of centre of mass is determined by B alone. 

When a single moving charge is placed withsome uniform electric and magnetic fields 
in space, then they experience a force called Lorentz force given by F =4E +q(v x B). 
Force experienced by charged particle = due to electric field, F, = gE 

Force experienced by charged particle due to magnetic field, Fp, = q (© X B) 

The particle is moving with constant velocity that means acceleration of particle is zero 
and also it is not changing its direction of motion. This will happen when the net force 
iS ZeEYO 2.2., 

(a) IFE = 0, and v|| 6 , then Faa = 0 

(b) IFE # 0, and BF0, and E, v and B are mutually perpendicular. 

A charged particle will go undeflected in an electric field if the direction of force on 
particle due to electric field only acts in the direction of motion of the particle z.e., the 
charged particle moves parallel to the electric field. A moving charged particle cannot 
be deflected while passing through a region if the force on it due to electric field is 
equal and opposite to the force due to magnetic field. It will be so if magnetic field is 
perpendicular to electric field and is perpendicular to the direction of motion of charged 
particle. 


(v) (c); When charged particle goes undeflected then, 


E 
gE =qvuB>v=> 


B 
50 NC! r 
v =——— z =2x10 m/s 
2.5 x10 
.0=2x10° m/s 
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ASSERTION-REASON QUESTIONS 


In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). 


Choose the correct answer out of the following choices. 

Both A and R are true and R is the correct explanation of A. 
Both A and R are true but R is not the correct explanation of A. 
A is true but R is false. 

A is false and R is also false. 


(a) 
(b) 
(c) 
(d) 





1. Assertion (A) : Motion of electron around a positively charged nucleus is different from the 
motion of a planet around the sun. 
Reason (R) : The force acting in both the cases is same in nature. 
2. Assertion (A) : When a magnetic dipole is placed in a non uniform magnetic field, only a torque 
acts on the dipole. 
Reason (R) : Force would not act on dipole if magnetic field were non uniform. 
3. Assertion (A) : Magnetic field lines always form closed loops. 
Reason (R) : Moving charges or currents produce a magnetic field. 
4. Assertion (A) : Galvanometer cannot as such be used asan ammeter to measure the value of the 
current in a given circuit. 
Reason (R) : It gives a full-scale deflection for a current of the order of micro ampere. 
5. Assertion (A) : Magnetic lines of force form continuous closed loops whereas electric lines of 
force do not. 
Reason (R) : Magnetic poles always occur in pairs as north pole and south pole. 
6. Assertion (A) : Magnetic field is caused by current element. -o 
Reason (R) : Magnetic field due to a current element 7 dl is dB = Ta 
7. Assertion (A) : A charge, whether stationary or in motion produces a magnetic field around it. 
[AIIMS 2009] 
Reason (R) : Moving charges produce only electric field in the surrounding space. 
8. Assertion (A) : Ifa proton and an a-particle enter a uniform magnetic field perpendicularly 
with the same speed, the time period of revolution of -particle is double that of 
proton. [AIIMS 2010] 
Reason (R) : In a magnetic field, the period of revolution of a charged particle is directly 
proportional to the mass of the particle and is inversely proportional to charge 
of particle. 
9. Assertion(A) : The resistance of an ideal voltmeter should be infinite. [AIIMS 2011] 
Reason (R) : The lower resistance of voltmeter gives a reading lower than the actual potential 
difference across the terminals. 
10. Assertion (A) : Magnetic field cannot change kinetic energy of a moving charge. [AIIMS 2018] 
Reason (R) : Magnetic field cannot change velocity vector. 
Answers 
1. (d) 2. (d) 3. (b) 4. (a) 5. (a) 6. (b) 7. (d) 8. (a) 
9. (a) 10. (c) 
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10. 


11. 


12. 
15. 


14. 


(c) 


(a) 
(d) 


(c) 


(d) 


Ho? 
B= OD aa por wherer = radius of cross-section loop 


out Inr 
According to right hand thumb rule, magnetic field produced along East to West. 
F=qVxXB => F=qVBsinð 
For F = 0, 8 lies between 0 to 180°. 


P is true and the magnetic field due to a current carrying wire is strong at near points from 
the conductor as compared to the far points. 


Onmyv cos 8 


For given pitch d, d = qB 


T 0 
So, charge by mass ratio 4 _ 2Tvcos 


7m dB 
Now, change partially traverse identical helical path in a completely opposite direction in a 
magnetic field B. Two particles should be same and of opposite sign, therefore, 


ie E) + (=) = 0 


. s . . > . . . 
In Biot-Savart’s law, magnetic field B parallel to idl <r and idl due to flow of electron is in 
. . . . . — > 
opposite direction of v and by direction of vector product of two vectors, B Lv 


Magnetic Lorontz force, electron is projected with uniform velocity along the axis of 
. . . O O —> > 

a current carrying long solenoid F = — eVB sin 180° = 0 and also (0 = 0°), as B ||v. 

The electron will continue to move with uniform velocity along the axis of the solenoid. 


=R+r= 2 and gos 
1 1 

F A 
lo 


By checking the option (b) and (c), has satisfied their range. 


Z-A 900 ko 
t 50X10 


o: s-o = I =— m = a= 5mA 
aw, -l nae a. 
50 x 10 50x 10 


The magnetic moment of circular loop and the net magnitudes of moment of each semi- 


R 


total 


(b); R= 


circular loop of radius R lie in x-y plane and y-z plane. 


So, M,„„ =V M° + M? =/2M' = y2 IA' = y2 I (nr°)/4 

where, M = I(nr°), so, Mpa < M. 

t = MB sin 9 = NIAB sin 9. 

Hence, t acting on it does not depend upon shape of the loop. 

t = MB sin 9 = NIAB sin 0° = 0, as (0 = 0°) 

The gyro-magnetic ratio of an electron in H-atom is negative and independent of orbit 
which electron revolves around it. 

Sensitivity, S = a , where K = torsional rigidity 

Hence, S increases when K is decreases. 
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Oö 2 20 . aa 
15. (a) I, = 359 = gog% 1000 mA = -mA = 6.67 mA 


As range of ammeter cannot be decreased but increased only. So the instrument cannot be 
converted to measure the range 5 mA. 


16. (d) Shunt is a low resistance connected in parallel with the galvanometer or ammeter. 

















4 , — 40 
< I,G os le 46 Where l = 4% of I 
l.e., 9 = I — Ig =— 4 \. 96 -4 
I- T00 I 100 
or G =X = 1209 
4 
21. (d) Shunting (a low resistance in parallel) 
23. (d) E=cB 
q“ Ber l 
24. b) K= on Kaz = Ky = 100 keV 
_ Bo! 1 B h% 2 
26. (c) Boa 7 BO FB, =F FS 
B _B 
B, =4 > B= Pa 
27 B = Ho B= a Malia = 
O Por? = OG) > 


29. (a) B= nl = 4r X107 x5 x1000=22. X10? T 


Hol lol l 
30. — BEE 
O Fn = -on Fn © 





31. (b) Arrangement provides electromagnetic damping due to production of eddy currents 
I V j] 


33. (a) N.C? lads 


$ 


“9 

F Hollo Ho? 

34. (b) We kia = = 
(0) We (ae ond 2nd 








37. (a) AsS8=0° >F=qVBsin®9 =0 
39. (d) Less than g as a p =g-a 





Ho ĉo 
41. (b) m 
it. A O 
F' = =- SF 
ary 
27™ 
42. (a) = JB 


43. (b) 0=0° & 180° 
44. (c) Let the radii of the two coils be 2a and a, then their resistances will be 2R and R respectively. 


Given B, = Bo 
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45. 


46. 


47. 


48. 
49. 


50. 


51. 


52. 


92. 


54. 


Hol, Hols 








e 9X2 a 
Ho n by Vy 
o —.— = — .— 
4a 2R 2a’ R 
y 
or y 4 
9 


(a) Net force on a square circular loop in a uniform magnetic field is zero. 


F+K+K+F,=0 
“E+E E-F) 


(c) K.E. of charged particle remains unchanged in a uniform magnetic field. 


o y 
(°) lg = R+G 
3 30 
A T 
R + 100 = 1000 
=> R = 900 Q 
(a) For non-zero force sin 9 + 0 or 0 # 0° or 180° 


MU 





(b) r= a As r} >T, = M,V,>Mpv, 
(c) The spiral may be supposed to be formed of a number of thin charged rings. 
N 
Consider a ring of radius x and thickness dx then dN = ea dx 
N dx 
uodNI Volpi). 
aE Qn 2x 
B= (dB Qe Of & =" loge? 
5 2(b-a); * 2(b-a) 5a 
(b) For entering the particle in the region x > b, the radius of circular path x 2 b — a 
qB (b - a) 
a C% 200-4) > Vonin m 


(c) The path of particle is a helix of radius 





mv sin ĝ ITM 
dmh T — 


qB ’ qB 
_ 1.67107" x2x10°x V3 _ 
1.6x107!9 x0.104x 2 
—27 
_ 2n X 1.67 X10 =97 X10" s 


1.6x107!9 0.104 


(d) In regions I and IV, the magnetic fields due to two currents are opposite. 


_ mv ssi R =1x(2)x(2)=4 
2) r= Bn T My v G, 3/*\T/73 
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55. (6) Initially B = 
- (b) Initially = Oy 


If rə is new radius, then 











r 
l 
21 = N.20 > I =F 
2 
uani pont , 
Finally, B = Se n° B 
21, 27, 
Hot Ls 
56. (c) F= ond N/m 
Now J, =-2/, and d'= 3d 
a m (— 24 )I o 2 y 
= MB3d) 3 
57. (c) Component of current element t, dl parallel to wire. 
= to dl cos 9 
(17, 2,dl cos ð 
"~ F (attractive) = —————— 
2mr 


58. (a) The direction of magnetic field B is shown in fig. 


B = Bsin0i—Bcos0 j 





= = =. 
= zy sin 8 —, cos 0 ri 
= Et 
_, Hi 
i B = + in 6 coste 
ot [dj i|= 5 bizzi) 
~~ Onr ES 


x* + y? 
59. (b) By Fleming left hand rule, magnetic force on any current element is directed radially 
outwards, so loop has tendency to expand. 


60. (c) In a uniform magnetic field the velocity of charged particle remains unchanged. 

Magnetic force on electron (= q U X B) 

=—e(vi)X(- Bk) =- eB j 

As force is along negative y-axis, so y-coordinate will be y < 0 and v = u. 

61. (a) Magnetic moment of system 
q q4 9 _ 2T 19 2 
M=JA=|—+—]7R° =— qR" = qR 
| T T Tf 1 
Angular momentum about axis of rotation 


L = Ia = (mR? + mR*) œ = 2mR w 
2 
M_ QR q 


La IMR? w m 
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63. 


64. 


65. 





_ An x 107’ ( 


4 2 
mT ‘el 
= 5 X 10° Wb / m° 
(c) A point M, no magnetic field is caused due to QR. 
Hol Mol mol/2) B o 


> — = — 


= ——— = — + — 
5, 4rd? 2? 4nd 4nd B, 3 


2 

. . 1 2r 

(c) If2, and ĉ are currents in arms ABC and ADC respectively, then 7 ee and 
. ; < 
t1 Flo =2. 


2 . l. 


UE ka 3! and to = 3! 


Magnetic field due to ABC, 





Moy , 
— (sin 45° + sin 45°) 


B, =2 
an($) 


downward 


V2 Hoi, 
7) 


Magnetic field due to ADC, 


V2 Hois 


9 = Zz upward 


Net Magnetic field, 


V2 1, ; V2 w(i / 3) 7 V2 mi 


— ? — 


ma (4 ~% Ta Ora 


. _ 150 X% 

(c) a mA = 15 mA, 
— 150 _ 

ZA y» mV = 75 mV 


V= 150x1 = 150 V 











b- 8 = 1b mA _ 
l, 15 mA 





5Q 


Series resistance, 


R=—-G=—~__5=90950 
i 15x107 
i 
E_ 5 
@) i S+G 
S+G. _ (-1+ 100) 
Se oOo] 


= 100.1 mA 








= 1= x 100 x 10° A 
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67. (c) Magnetic force between two magnets 
Ho OM m 
AT y 

68. (d) The internal interaction can not cause external motion 


69. (a) For a solenoid 
B = upi 


B. N\A na \ fio 
5 z -(e]ž] n B, - (2) B, 
B, nijd Mm /\Y 


_ (100) (2/3 _9 
= (Sac). 7 )x6.28x10 


2 





=0-6N 





-2 | | 
= (2-28x 10" “—< |= 1-05 x 102 Wb / m? 


_ _ 6 : ; 
70. (a) B=>- Kå 5x10° T Wooo Zs, 


Hof 4x 10-7 x 100 


. . > e ' 
Direction of B | 
B'S 


Ape Mol di xr S 
i 4t 
> Ê=(-ix- k) — -1 (or southward) 
mv 


71. b) r= GB For entry in region III,r >l 


| q : , 
> 7B 21 s US =, [Choice (@) is correct. ] 
Maximum path length in region II 


L = Tr =i 


max max 


B 
It is the case for v = <a [Choice (c) is correct. ] 


The particle transverses half the circle, when it return to region I. 


27m n 
{= S < M) = B (independent or r) 
[Choice (d) is correct. ] 
So, (b) is incorrect answer. 


72. (d) qE +quxB=03vXB=-E 


BX(v XB) =_BXxE 
or (B-B)v—-(B-v)B=EXB 


— 


> As B is perpendicular to v;:B-v=0 


v= p? 

73. (d) Magnetic force changes the direction of particle, so momentum of particle changes. 
1 

nix  Fo’\o Ho TE? B, 





b B — p = —.. aa B. — = — — 
0) 8 Ina’ Ina’ 2 27x 2n(2a) Bo 
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74. 


75. (b) By Maxwell right hand rule the magnetic field to the loop of wire ‘I’ 
will be downward and to the right of wire ‘2’ it is upward (2 x *). On 4 2 
the right of wire ‘l’ it is upward and on the left of wire ‘2?’ itis downward. 2d 


The field between the two wires at the centre is zero 


76. (c) T cos ($) n a T cos($) 





Tsin) = BI(Rd6) 


For small dð; 2T (=) = BIRdO 


= Tf] bin 
iL 

But R= Sa 
BIL 

= on 


78. (a) F =q(v XB) = quB sin 8 = e X vB X sin 90° = euB 


79. (d) F = quB sinb = evB sin 30° = 5 ew 


80. (b) circular at 90° 

81. (a) At any angle except 0° & 90° the path is always helical. 

84. (d) As force by electric field on electron is opposite to motion so velocity will decrease. 
85. (c) F = lB sin 0 Here 0 = 0 


87. (d) Ba = 
89. (b) Electron stream will be retarded as force is acting opposite to the motion of electron. 
91. (b) 0 = 90° F = quB sin 9, sin 9 (max) = 1 at 8 = 90° 
mv p 
93. 4) r= (Bp > Yop 


94. (c) Move towards the wire as force on KL & MN are equal & opposite so cancel each other while 
force on KN is more than LM towards the wire from Fleming left hand rule. 


98. (d) F=q(v xB) 
=~ 2x10%(27+37)x10°x27 (v B=27) 
=— 8k =8N(-h) 

104. (d) Foy =UpoB 


For =] logB sin 0 
0 = 45° 
bi 
on = TV2! T B=F 


po? T PQ PQ 


Since FOR and FPQ have opposite direction FOR = ~F. 
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105. (d) Magnetic field due to straight part of the wire is, 


Ho 


r = normally into the plane of paper. 


On R’ 


Magnetic field at the centre O due to the current loop of radius R is 


B, ==> , normally into the plane of paper. 


2 2R 


T 
Resultant field at O is B= B, - B, = 


106. (a) d=0.] m 
Magnetic field at P is, 


- 2nd 
— -7 10 
2x10 XOq 


= 2 xX 10° T, acting downwards. 








_— Nv 
107. (b) r JB 
9 2 
_ mu~ _ (mv) 
BLT 2 m 
mu =y2mKE 
V2mKE 
OB => raym 


108. (b) Radius of circular path r= b 


E, =eV > raV 





r_ |v 
r Vy 
As V’ =2V 
r = 27 
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10 cm-0.1 m 


05 MAGNETISM 


AND MATTER 





IMPORTANT FORMULAE 


1. Magnetic dipole moment, m = q,, X 21 
2. Magnetic dipole moment of a current loop, m = NIA 
3. Magnetic field due to a short magnetic dipole 


(i) At axis B = Pues 
4n r 

. . _ Po M 

(ii) At equatorial, B, 1.7 Fr 3 


4. Elements of earth’s magnetic field 
Horizontal component H = B, cos 0 


here 0 = angle of dip. 
Vertical component V=B, sin 0 eee angle of dip 


= tan o=- and B, =4H° + V° 


5. Magnetic moment of an orbital electron 


evr e 
-E Er 
hr 2 2m 


6. Orbital magnetic dipole momentof an electron in nth orbital, 
_ er _ e T eh 
H 2m, 4mm, 


7. Magnetic susceptibility X„ = 


MULTIPLE CHOICE QUESTIONS 


Choose and write the correct option in the following questions. 


=15 n| 


1. Magnetism in substances is caused by 
(a) orbital motion of electrons only 
(b) spin motion of electrons only 
(c) due to spin and orbital motions of electrons both 
(d) hidden magnets 
2. A toroid of n turns, mean radius R and cross-sectional radius a ı carries current I. It is placed 
on a horizontal table taken as X-Y plane. Its magnetic moment m [NCERT Exemplar] 
(a) is non-zero and points in the Z-direction by symmetry. 
(b) points along the axis of the toroid (m = mo). 
(c) is zero, otherwise there would be a field falling as 3 at large distances outside the toroid. 


(d) is pointing radially outwards. 
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10. 


11. 


12. 


LS; 


The magnetic field of Earth can be modelled by that of a point dipole placed at the centre 
of the Earth. The dipole axis makes an angle of 11.3° with the axis of Earth. At Mumbai, 
declination is nearly zero. Then, [NCERT Exemplar] 


(a) the declination varies between 11.3° W to 11.3° E. 

(b) the least declination is 0°. 

(c) the plane defined by dipole axis and Earth axis passes through Greenwich. 
(d) declination averaged over Earth must be always negative. 


In a plane perpendicular to the magnetic meridian, the dip needle will be 
(a) vertical 

(b) 

(c) 


(d) pointing in any direction 


horizontal 


inclined equal to the angle of dip at that place 


If the horizontal and vertical components of earth’s magnetic field are equal at a certain place, 
the angle of dip is 

(a) 90° (b) 60° (c) 45° (d) 0° 

Magnetism in a substance is due to 

(a) orbital motion of electrons only (b) spin motion of electrons only 


(c) both orbital and spin motion of electrons (d) none of the above cause magnetism 


A stationary magnet does not interact with 

(a) magnet (b) stationary charge 

(c) iron rod (d) moving charge 

A bar magnet AB with magnetic moment M is cut into two equal parts perpendicular to its 


axis. One part is kept over the other so that end B is exactly over A. What will be the magnetic 
moment of the combination so formed? 


M 3M 
(a) A (b) “a (c) M (d) Zero 
SI unit of magnetic pole strength is 
, , ln a ssa Kasta skia _volt_ 
(a) ampere-meter (b) mete? (c) Paster (d) FEOT 
The SI unit of magnetic permeability uo is 
(a) WA'm™ (b) NA m! 
(c) NA? (d) Both WA™m™ and NA~ 
The unit of magnetic permeability of vacuum is ; 
(a) NAF (b) T (e) NA7 (d) NA”? 


A bar magnet of magnetic length 2/ has pole strength p and magnetic moment m. Then m is 
equal to 

(a) pl directed from north pole to south pole 

(b) pl directed from south pole to north pole 

(c) 2pl directed from north pole to south pole 

(d) 2pl directed from south pole to north pole 


The major contribution of magnetism in substances is due to 
(a) orbital motion of electrons 

(b) spin motion of electrons 

(c) equally due to orbital and spin motions of electrons 


(d) hidden magnets. 
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14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


A sensitive magnetic instrument can be shielded very effectively from outside fields by placing 
it inside a box of 


(a) teak wood (b) plastic material 

(c) soft iron of high permeability (d) a metal of high conductivity 
Earth’s magnetic field inside a closed iron-box, as compared to that outside is 
(a) more (b) less 

(c) same (d) zero 


The line on the earth’s surface joining the points where the field is horizontal is called 

(a) magnetic meridian (b) magnetic axis 

(c) magnetic line (d) magnetic equator 

The angle between the magnetic meridian and the geographical meridian is known as 

(a) magnetic dip (b) magnetic declination 

(c) magnetic moment (d) magnetic field strength 

Earth’s magnetic field always has a horizontal component except at 

(a) equator (b) magnetic pole 

(c) at latitude 60° (d) at latitude 30° 

Two bar magnets of same geometry with magnetic moments M and 2M are first placed in such 


a way that their similar poles are on the same side, then its period of oscillation is T,. Now the 
polarity of one of the magnets is reversed, then the time period of oscillations is T, then, 


(a) Ti < To (b) Ti > To c) 11 =T, (4d) To =% 

The time-period of a freely-suspended magnet is independent of 

(a) length of the magnet 

(b) moment of inertia of the magnet 

(c) horizontal component of earth’s magnetic field 

(d) length of the suspension 

At a certain place a magnet makes 30 oscillations/min. At another place where the magnetic 
field is double, its time period will be 

(a) 4 second (b) 2 second (c) 0.5 second (d) /2 second 

The period of oscillation of a bar magnet in a vibration magnetometer is 2 second. The period 


of oscillation of a bar magnet whose magnetic moment is 4 times that of first magnet is 


(a) 4 second (b) 1 second (c) 2 second (d) 0.5 second 


Two identical bar magnets are fixed with their centers at a distance ‘d’ apart. A stationary 
charge + Q is placed at P in between the gap of the two magnets at a distance D from the centre 
O as shown in fig. The force on charge +Q is 


P 


D 
O 
d 


(a) directed along OP 


yi 


(b) directed along PO 
(c) directed perpendicular to the plane of the paper 
(d) zero 
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24. 


25. 


26. 


rat 


28. 


29. 


30. 


A current ‘i’ ampere flows through an infinitely long straight thin walled tube, then the 
magnetic induction at any point inside the tube is 
Ko 2i 


21 
an? a) —- 


(a) infinite (b) zero (c) 
The length of a magnet is large compared to its width and breadth. The time period of its 
oscillations in a vibration magnetometer is 2 s. The magnet is cut along the length into three 
equal parts and then placed on each other with their like poles together. The time period of 
this combination will be 

2 
— ZS 

V3 


The magnetic induction and the intensity of magnetic field inside an iron pole of an 


(a) 2s (b) = (c) 2/35 (d) 


electromagnet are 1 Wb m~ and 150 Am“! respectively. The relative permeability of iron must 
be 

10° 10° 10° 10° 
(2) AT (0) OT (©) AT @) OT 
A vibration magnetometer consists of two identical bar magnets placed one over the other 
such that they are perpendicular and bisect each other. The time period of oscillator in a 


horizontal magnetic field is (2)° * 


seconds. If one of the magnet is removed and the other 
magnet oscillate in the same field, then the time period will be: 

(a) 2"*5 (b) 2"* s (c) 2s (d) 2°* s 

ae | 
T? 





i T ee 4 i 
In an experiment with vibration magnetometer the value of for a short bar magnet is 


observed as 36 x 10%. In the experiment with deflection magnetometer with the same magnet, 


3 8 
the value of E tan is observed as E3 . The magnetic moment of the magnet used is: 
0 


(a) 50 A - m’ (b) 100 A- m° 
(c) 200 A- m* (d) 1000 A - m’ 
A bar magnet has afmagnefi moment equal to 5 X 10%” weber-metre. It is suspended in a 


magnetic field which has a magnetic induction B = 87 X 10 T. The magnet vibrates with a 
period equal to 15 seconds. The moment of inertia of the magnet is 


(a) 7.35 X 10” kgm?” (b) 7.26 X 10°’ kgm” 
(c) 7.22 X 10” kgm? (d) 7.16 X 10” kgm? 
A magnetic needle of weight W has a magnetic moment m. If the needle is to be maintained 
horizontal in northern hemisphere, where should the point of support lie relative to its centre 
of gravity. [Vertical component of earth’s magnetic field is V and horizontal component of 


earth’s magnetic field is H.| 
<———.. 2 ———> 


dm V 
Support 
C.G 
x 
dm V W 

mV mW 
o w O) -H 

mH r my V° + H” 
O () —— 
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Answers 


1. (c) 2. (c) 3. (a) 4. (a) 5. (c) 6. (c) 7. (b) 8. (d) 
9. (a) 10. (d) 11. (d) 12. (d) 13. (b) 14. (c) 15. (d) 16. (d) 
17. (b) 18. (b) 19. (a) 20. (d) 21. (d) 22. (b) 23. (d) 24. (b) 


25. (b) 26. (d) 27. (c) 28. (b) 29. (d) 30. (a) 


CASE-BASED QUESTIONS 





Attempt any 4 sub-parts from each question. Each question carries 1 mark. 


l. 


EARTH’S MAGNETISM: 


A magnetic field exists everywhere around the earth and earth behaves as ifa powerful magnet 
is placed at the centre of earth in such a way that its north pole is towards south of earth and 
south pole is towards north of earth. 


A freely suspended magnetic needle always stays along north-south direction. The north pole of 
needle is towards north of earth and south pole is towards south of earth. 


When magnetic lines of magnet are drawn, neutral pointsare obtained. Neutral points are those 
points where net magnetic field is zero. The existence of these points indicates that earth has 


its own magnetic field and at these points the magnetic field of magnet is cancelled by earth’s 
magnetic field. 


aS Axis of rotation of earth 





At the magnetic north pole of earth, the north pole of magnetic needle points towards the north; 
while at the south pole of earth, the south pole of magnetic needle points towards the south. 
From this it is concluded that the south and north poles of frictitious magnetic dipole deep 
inside the earth must be in northern and southern hemispheres respectively. The line joining 
the two places where the needle becomes perfectly horizontal is called the magnetic equator. The 
magnetic equator intersects the geographical equator at longitudes 6° W and 174° E respectively. 
It is found that the angle between magnetic axis and the axis of earth’s rotation is nearly 11.3°. 
The observations taken at different times show that the positions of earth’s magnetic poles 


changes gradually. 
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(i) The line on the earth’s surface joining the points where the field is horizontal is called 
(a) magnetic meridian (b) magnetic axis 
(c) magnetic line (d) magnetic equator 

(ii) The magnetic field of earth can be modelled by that of a point dipole placed at the centre 


of the earth. The dipole axis makes an angle of 11.3° with the axis of earth. At Mumbai, 
declination is nearly zero. Then, 


(a) the declination varies between 11.3° W to 11.3° E 
(b) the least declination is 0° 
(c) the plane defined by dipole axis and earth axis passes through Greenwich 
(d) declination averaged over earth must be always negative 
(iii) In a plane perpendicular to the magnetic meridian, the dip needle will be 
(a) vertical 
(b) horizontal 
(c) inclined equal to the angle of dip at that place 
(d) pointing in any direction 
(iv) If the horizontal and vertical components of earth’s magnetic field are equal at a certain 


place, the angle of dip is 


(a) 90° (b) 60° 
(c) 45° (d) 0° 
(v) Earth’s magnetic field always has a horizontal component except at 
(a) equator (b) magnetic pole 
(c) at latitude 60° (d) at latitude 30° 


Answers 


1. (2) (d); The line on the earth’s surface joining the points where the field is horizontal is magnetic 
equator. 
(t) (a); The axis of dipole makes an angle of 11.3° with the axis of the earth and the declination 
varies between 11.3° W to 11.3° E depending upon the point of observation. 
(iti) (a); Ina plane perpendicular to the magnetic meridian, the dip needle will be vertical. 
(iv) (c); Here, By = By 
B 


V 
tan ò = — =] 
By 
6 = 45° 


(v) (b); At magnetic poles, the horizontal component of Earth’s Magnetic field is zero. 


2. ATOMIC MODEL OF MAGNETISM: 
Every matter is formed of atoms. According to atomic model of magnetism, each atom is a 
complete magnetic dipole. Each atom, consist of a positively charged small nucleus at the centre 
and electrons revolve around the nucleus in definite orbits. The motion of the electrons around 
the nucleus is identical to that of earth around the sun. The electrons revolve around the nucleus 
in a definite orbit and the motion is called orbital motion. The electron spins about its own axis 
and the motion is called spin motion. This spin motion may be clockwise or anticlockwise. 
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Electron spinning on its axis Electron orbiting around the nucleus 


ny D 
we 





The magnetic moment is produced due to both orbital motion and spin motion. However, most 
of the magnetic moment is produced due to spin motion and very small contribution due to 
orbital motion. 


(i) The orbital magnetic moment due to orbital motion of electron is 


(a) evr (b) Zer (c) Levr (d) none of these 


(ii) An atom is a current loop. It is assumed that the magnetism of atom is caused by revolving 
electron due to its 


(a) orbital motion (b) spin motion 

(c) both (a) and (b) (d) none of these 
(iii) ‘The major part of magnetism is caused by 

(a) spin motion (b) orbital motion 

(c) both (a) and (b) (d) none of these 


(iv) An electron moving in a circular orbit of radius r makes n rotations per second. The 
magnetic field produced at the centre is 

















uon e” Lone Hone Hone 
(a) O S O >a d) 
(v) The primary origin(s) of magnetism is 
(a) atomic currents (b) Pauli exclusion principle 
(c) intrinsic spin of electron (d) both (a) and (c) 
Answers 
A We _e _ ev 
2. (2) =a T Onr To 
U 


Area of current loop, A = nr’ 


eU 
m, = 1A = on, 
— Sur 
l! 2 


(t) (c); When electron revolve around the nucleus, the magnetism is caused by both angular 
momentum due to spin motion and linear momentum due to orbital motion. 


(i) (a); The major part of magnetism is caused by angular momentum of electron 7.e., spin 
motion of electron. 
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(a) 
(b) 
(c) 
(d) 


1. Assertion (A) : 
Reason (R): 
2. Assertion (A) : 
Reason (R): 
3. Assertion (A) 
Reason (R): 
4. Assertion (A) 
Reason (R): 
5. Assertion (A) 
Reason (R) 
6. Assertion (A) 
Reason (R) 
7. Assertion (A) 
Reason. (R) 
8. Assertion (A) 
Reason (R) 
9. Assertion (A) : 
Reason (R) 
10. Assertion (A) 
Reason (R) 
Answers 
1. (b) 2. (a) 
9. (c) 10. (c) 
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Ho? 


(v) (d); B at centre = >— 


Here, 


So, 


2r 

l= ne 
Hone 

© Q 





(v) (d); The primary origin of magnetism depends on atomic current and intrinsic spin of electron. 


ASSERTION-REASON QUESTIONS 


In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). 
Choose the correct answer out of the following choices. 


Both A and R are true and R is the correct explanation of A. 
Both A and R are true but R is not the correct explanation of A. 
A is true but R is false. 

A is false and R is also false. 


If a compass needle be kept at magnetic north pole of Earth, the compass needle 
may stay in any direction. 

Dip needle will stay vertical at the north pole of Earth. 

Earth’s magnetic field does not affect the working ofa moving coil galvanometer. 


Earth’s magnetic field is very weak. 


: Gauss’s theorem is not applicable in magnetism. 


Magnetic monopoles do not exist. 


: The magnetic poles of a magnet can never be separated. 


Every atom of a magnetic substance is a complete dipole. 


: The poles of a magnet cannot be separated by breaking into two pieces. 


: The magnetic moment will be reduced to half when a magnet is broken into two 


equal pieces. 


: The magnetic moment (u) of an electron revolving around the nucleus decreases 


with increasing principal quantum number (n). [AIIMS 2015] 


: Magnetic moment of the revolving electron, u « n. 


: When radius ofa circular loop carrying current is doubled, its magnetic moment 


[AIIMS 2018] 


becomes four times. 


: Magnetic moment depends on area of the loop. 


: The magnetic poles of earth do not coincide with the geographic poles. 


[AIIMS 2010] 


: The discrepancy between the orientation of a compass and true north-south 


direction is known as magnetic declination. 


Magnetic susceptibility is a pure number. [AIIMS 2009] 


: The value of magnetic susceptibility for vacuum is one. 


: Susceptibility is defined as the ratio of intensity of magnetisation J to magnetic 


intensity H. [AIIMS 2018] 


: Greater the value of susceptibility, smaller the value of intensity of magnetisation J. 


3. (a) 4. (a) 5. (b) 6. (d) 7. (a) 8. (a) 
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12. 


19. 


21. 


22. 


23. 
24. 


25. 


26. 


Magnetism in substance is caused by spin and orbital motion of electrons. 


In toroid, the magnetic field is only confined inside the body of toroid in the form of 


concentric magnetic lines of force and these is no magnetic field outside the body. This is 


because the loop encloses no current. Thus, the magnetic moment is zero, otherwise, r as 


large distance outside the toroid, m oc E 
T 


For the earth’s magnetism, the magnetic field lines of the earth resemble that of a hypothetical 


magnetic dipole located at the centre of the earth. The axis of the dipole does not coincide 
with the axis of rotation of the earth but it is presently litted by 11.3° with respect to the later. 


Hence, the declination varies between 11.3° W to 11.3°E. 


The angle of dip would change of needle to placed in the geometric meridian. The vertical 


component would remain the same but the horizontal component would change. Hence, 


dip needle would remain vertical in a plane perpendicular to the magnetic meridian. 
D, 

tan = 5 =l = 9=45° 

— l l] — 

a c 9 j 


m=px21=2pl (Sto N) 


DN: sA 
T= oe 


=| * 


J 








T [Em 
15 (B r)i 
n = 30 oscillation/min = > oscillation/sec 

H m? 4 

an 42 = 50 gm - wt 

B 
H 

Ty = 2,/) sa = V2 sec 

- 2D 
T M 

bA 2 (/4M _ A O 

T M ` ava =9 aea 


Force on a stationery charge in magnetic field is zero. 


Magnetic induction inside a hollow current tube is always zero. 
r ny = I _ 1 
T= 2n,/—,;:f = => T 3 


= fo. eg 


3 3 
_ Bb 
H= H 


-B _ td? 
HoH 4nx107x150 O67 
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27. (c) When magnets are perpendicular, magnetic moment, 


m, = ym? +m? = f2 m 


T=9n / 21 =D / 21 
my2 H /2mH 


I = M.I. of each magnet 








When one magnet is removed, then 


n / I 
T = en mH 


Ta l — ‘— T 
T ol/4 91/4 








= 2s 


28. (b) In vibration magnetometer, 
I 


o I 
T= —_ = 4r? — 
27 eT, = mH = 41° —> seat) 


In deflection magnetometer, 


_ Bo 2m m — 4nd° 
H tanl = mp °” H` Ot, tan 0 wecl2) 


Multiply (1) and (2), 





I \ (4nd? 108 
m? = (z) Ta an0) = 36 x 10% X ge F 10° >m = 100 A-m° 





29. (d) Here,m = 5 X 10° Wb-m, B = 8r X 10*T, T= 15s 


2 
pool 5 p- nb 
mB Ar? 
2 -5 4 
_ U5 x5x10 _X 80x 10 = 7.161077 kgm? 
4r? 
Mm 21 — ü 
dm 
Support 
C.G 
30. (a) 
X 
Im V W 


W.x=q,V X2 => Wx=mV 


mV 
W 


> a 
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ELECTROMAGNETIC 


INDUCTION 





IMPORTANT FORMULAE 


1. Magnetic flux p= B.A =BAcos0 


where @ is the angle between A and B. 


Ao 


2. Induced emf ina coil €=- z 


3. EMF induced in a moving conductor, € = Bul 
where B, v, l are mutually perpendicular 

4. Magnetic flux ġ= LI 
where L is the coefficient of self-induction. 


5. If L is self inductance, emf induced ¢€ = “1 


6. Self inductance of a solenoid 


2 
A 
L= u, uon” Ab— -— 
Al 
7. Mutual Inductance E, =-M A 
R i ; E UoN NA 
8. Mutual inductance of solenoid coil system M = -y 
where N, = number of turns/metre in solenoid, N, = number of turns in coil. 
9. Energy stored in inductance U,, = ZL — sol 


Direction of Current Induced in Some Cases 


(i) Current increasing Clockwise current 


(ii) Current decreasing Anticlockwise current 


(i) Key is pressed Opposite to direction of 
main currents 

(ii) Key is released In the direction of main 
current 





WWW.JEEBOOKS.IN Electromagnetic Induction [117 


Magnetic-coil system (ii) North pole approaching | Anticlockwise current 


(i) 


(ii) North pole receding coil | Clockwise current 


Man observing 
direction of current 








MULTIPLE CHOICE QUESTIONS 


Choose and write the correct option in the following questions. 
1. Whenever the flux linked with a circuit changes, there is an induced emf in the circuit. This 
emf in the circuit lasts 
(a) for a very short duration 
(b) for a long duration 
(c) forever 
(d) as long as the magnetic flux in the circuit changes. 


2. The area of a square shaped coil is 107? mê. Its plane is perpendicular to a magnetic field of 
strength 10” T. The magnetic flux linked with the coil is 
(a) 10 Wb (b) 10° Wb (c) 10° Wb (d) 100 Wb 


3. An area A = 0.5 m° shown in the figure is situated in a uniform magnetic field B = 4.0 Wb/m* 
and its normal makes an angle of 60° with the field. The magnetic flux passing through the 
area A would be equal to 





(a) 2.0 weber (b) 1.0 weber (c) /3 weber (d) 0.5 weber 


4. A square of side L meters lies in the X-Y plane in a region, where the magnetic field is given 
by B=B,(2i + 3j + 4k) T, where B, is constant. The magnitude of flux passing through the 


square is [NCERT Exemplar] 
(a) 2 B, L° Wb (b) 3 B, L° Wb 
(c) 4B, L° Wb (d) /29B L’ Wb 


5. A loop, made of straight edges has six corners at A(0, 0, 0), B(L, O, 0), C(L, L, 0), D(0, L, 0) 
E(0, L, L) and F(0, 0, L). A magnetic field B = B, (i + k)T is present in the region. The flux 


passing through the loop ABCDEFA (in that order) is [NCERT Exemplar] 
(a) B, L? Wb (b) 2 B, L? Wb 
(c) v2B I Wb (d) 4 B, L? Wb 


6. An emf is produced in a coil, which is not connected to an external voltage source. This can 
be due to [NCERT Exemplar] 
(a) the coil being in a time varying magnetic field. 
(b) the coil moving in a time varying magnetic field. 


(c) the coil moving in a constant magnetic field. 


(d) all of the above. 
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10. 


11. 


12. 


13. 


A cylindrical bar magnet is rotated about its axis (Figure given alongside). 
A wire is connected from the axis and is made to touch the cylindrical 
surface through a contact. Then [NCERT Exemplar] 


(a) a direct current flows in the ammeter A. 





bar 
(b) no current flows through the ammeter A. magnet 


(c) an alternating sinusoidal current flows through the ammeter A with a 
time period T=27/o. 


(d) a time varying non-sinusoidal current flows through the ammeter A. 


A copper ring is held horizontally and a magnet is dropped through the ring with its length 

along the axis of the ring. The acceleration of the falling magnet is 

(a) equal to that due to gravity 

(b) less than that due to gravity 

(c) more than that due to gravity 

(d) depends on the diameter of the ring and the length of the magnet 

There are two coils A and B as shown in the figure. A current starts flowing in B as shown, 

when A is moved towards B and stops when A stops moving. The current in A is counter 

clockwise. B is kept stationary when A moves. We can infer that [NCERT Exemplar] 
A B 


(a) there is a constant current in the clockwise direction in A. 
(b) there is a varying current in A. 
(c) there is no current in A. 


(d) there is a constant current in the counterclockwise direction in A. 


Same as the above problem exceptthe coil A is made to rotate about a vertical axis refer to the 
figure. No current flows in B if A is at rest. The current in coil A, when the current in B (att = 0) 


is counterclockwise and the coil A is as shown at this instant, t = 0, is [NCERT Exemplar] 
A B 
: @ 

(a) constant current clockwise. (b) varying current clockwise. 

(c) varying current counterclockwise. (d) constant current counterclockwise. 


Lenz’s law is essential for 
(a) conservation of energy (b) conservation of mass 


(c) conservation of momentum (d) conservation of charge 


The self inductance L of a solenoid of length / and area of crosssection A, with a fixed number 


of turns N increases as [NCERT Exemplar] 
(a) Land A increase. (b) l decreases and A increases. 
(c) /increases and A decreases. (d) both l and A decrease. 


A thin circular ring of area A is held perpendicular to a uniform magnetic field of induction B. 
A small cut is made in the ring and a galvanometer is connected across its ends in such a way 
that the total resistance of the circuit is R. When the ring is suddenly squeezed to zero area, 
the charge flowing through the galvanometer is 


BR AB BA 
a) O) R (c) ABR (d) Fa 
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14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


A conducting square loop of side L and resistance R moves in its 
plane with a uniform velocity v perpendicular to one of its sides. 
A magnetic induction B constant in time and space, pointing 
perpendicular and into the plane of the loop exists everywhere as 





x KX KKK X 
x KK KK OK 
x xX XX XxX XxX 
X X KYK X X 
x xX xXXxXXxX X 
xXx KK KK X 


in given figure. The current induced in the loop is 
(a) Blu/R clockwise (b) Blv/R anticlockwise 
(c) 2Blv/R anticlockwise (d) zero. 


Inductance plays the role of 

(a) inertia (b) friction 

(c) source of emf (d) force 

A circular coil expands radially in a region of magnetic field and no electromotive force is 

produced in the coil. This can be because [NCERT Exemplar] 

(a) the magnetic field is constant. 

(b) the magnetic field is in the same plane as the circular coil and it may or may not vary. 

(c) the magnetic field has a perpendicular (to the plane of the coil) component whose magnitude 
is decreasing suitably. 

(d) both (b) and (c) 

When the current in a coil changes from 8 A to 2 A in 3 X 10` second, the emf induced in the 

coil is 2 volt. The self-inductance of the coil, in millihenry, is 


(a) 1 (b) 5 

(c) 20 (d) 10 

The mutual inductance of two coils depends upon 

(a) medium between coils (b) separation between coils 
(c) both on (a) and (b) (d) none of (a) and (b) 


Due to relative motion of a magnet with respect to a coil, an emf is induced in the coil. Identify 
the principle involved. 

(a) Gauss’s law (b) Biot-Savart law 

(c) Ampere’s circuital law (d) Faraday’s law 

In Faraday’s experiment of electromagnetic induction, more deflection will be shown by 
galvanometer, when 

(a) magnet is in uniform motion towards the coil 

(b) magnet is in accelerated motion towards the coil 

(c) magnet is in uniform motion away from the coil 


(d) magnet is at rest near the coil 


If both the number of turns and core length of an inductor is doubled keeping other factors 
constant, then its self-inductance will be 

(a) halved (b) quadrupled 

(c) unaffected (d) doubled 


Oscillating metallic pendulum in a uniform magnetic field directed perpendicular to the 
plane of oscillation 

(a) remains unaffected (b) oscillates with changing frequency 

(c) slows down (d) becomes faster 

A metallic cylinder is held vertically and then a small magnet is dropped along its axis. It will 
fall with 

(a) acceleration a = g (b) constant velocity a = 0 


(c) acceleration a > g (d) acceleration a < g 
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24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


ao 


34. 


20: 


36. 


An emf of 200 V is induced in a circuit when current in the circuit falls from 5 A to0 A 
in 0.1 second. The self-inductance of the circuit is 


(a) 3.5H (b) 3.9H (c) 4H (d) 4.2 H 

A small piece of metal wire is dragged across the gap between the poles of a magnet in 
0.4 s. If change in magnetic flux in the wire is 8 X 10“ Wb, then emf induced in the wire is 

(a) 8 xX 10° V (b) 6 xX 10° V (c) 4 X 10” V (d) 2 x 10° V 

If the number of turns per unit length of the coil of a solenoid is doubled keeping other 
dimensions same, then its self-inductance will be 


(a) four times (b) eight times (c) halved (d) doubled 





A conducting square loop of side / and resistance R moves in its plane 
with a uniform velocity v perpendicular to one of its sides. A magnetic 
induction B constant in time and space, pointing perpendicular and 
into the plane at the loop exists everywhere with half the loop outside | 
the field, as shown in figure. The induced emf is 


(a) zero (b) RvB (c) vBI/R (d) vBl 


A wheel with ten metallic spokes each 0.50 m long is rotated with a speed of 120 rev/min in a 
plane normal to the earth’s magnetic field at the place. If the magnitude of the field is 0.4 G 
the induced emf between the axle and the rim of the wheel is equal to 


(a) 1.256 xX 10° V (b) 6.28 X 107 V (c) 1.256 x 10*V (d) 6.28 x 10° V 


In a circuit with a coil of resistance 2 ohms, the magnetic flux changes from 2.0 Wb to 10.0 Wb 
in 0.2 second. The charge that flows in the coil during this time is 
(a) 5.0 coulomb (b) 0.8 coulomb (c) 1.0 coulomb (d) 4.0 coulomb 


The direction of induced current is such that it opposes the very cause that has produced it. 
This is the law of 
(a) Lenz (b) Faraday (c) Kirchhoff (d) Fleming 


The magnetic flux through a circuit of resistance R changes by an amount AQ in time At , 
then the total quantity of electric charge Q, passing during this time through any point of the 
circuit is given by 


Ad Ad 
(a) AQ = 0) AQ=7-XR 
Ad Ad 
c) AQ =z E (4) AQ= = 
The dimension of magnetic flux is 
(a) M'L*T*A* (b) M*L°T?A! (c) M‘L?T?At (d) M’L°T A’ 


Lenz’s law is a consequence of the law of conservation of 

(a) mass (b) charge (c) momentum (d) energy 

The physical quantity expressed in henry is 

(a) magnetic flux (b) self-inductance 

(c) magnetic permeability (d) magnetic induction 

When current in a circuit drops from 10 A to 2 A in 2 seconds, the induced emf developed in 


the circuit is 16 volts. The self inductance of the circuit is 


(a) 16 henry (b) 8 henry (c) 6 henry (d) 4 henry 


The current passing through a choke coil of self-inductance 5 henry is decreasing at the rate 
of 2 A/s. The induced emf developed across the coil is 
(a) 10 volt (b) —10 volt (c) 2.5 volt (d) —2.5 volt 
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37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


Magnetic flux through a coil changes from 0.7 Wb to 0.2 Wb in 0.1 second. The induced emf 
developed in the coil is 

(a) 7V (b) 5 V (c) 20 V (d) 2 V 

The magnetic potential energy stored in a certain inductor is 25 mJ, when the current in the 
inductor is 60 mA. This inductor is of inductance 


(a) 0.138 H (b) 138.88 H (c) 1.389 H (d) 13.89 H 
The magnitude of induced emf in a coil depend on 

(a) the amount of magnetic flux linked by the coil. 

(b) the amount of electric flux linked by the coil. 

(c) the rate of change of magnetic flux linked by the coil. 

(d) the rate of change of electric flux linked by the coil. 

Weber per second is equal to 

(a) ampere (b) volt (c) ohm (d) henry 
Self inductance of a coil delays 

(a) the growth of current through it. 

(b) the decay of current through it. 

(c) both the growth and decay of current through it. 

(d) neither the growth nor the decay of current through it. 


Self inductance of a coil is the mechanical analogue of 
(a) energy (b) momentum 
(c) inertia (d) power 


An electron moves on a straight line path XY as shown. The abcd is a coil adjacent to the path 
of electron. What will be the direction of current, if any, induced in the coil? 


a 


electron 


(a) The current will reverse its direction as the electron goes past the coil. 


(b) No current induced 

(c) abcd 

(d) adcb 

If the number of turns in a coil is doubled, then its self-inductance becomes 
(a) double (b) half 

(c) four times (d) unchanged 


Whenever the flux linked with a circuit changes, there is an induced emf in the circuit. This 
emf in the circuit lasts 


(a) for a very short duration 

(b) for a long duration 

(c) forever 

(d) as long as the magnetic flux in the circuit changes. 


Two coils of self inductances 2 mH and 8 mH are placed to close to each other that the flux 
linkage is complete between the coils. The mutual inductance between these coils is: 


(a) 4mH (b) 6 mH 
(c) 10 mH (d) 16 mH 
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47. 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


A copper ring is held horizontally and a magnet is dropped through the ring with its length 
along the axis of the ring. The acceleration of the falling magnet is: 

(a) equal to that due to gravity 

(b) less than that due to gravity 

(c) more than that due to gravity 

(d) depends on the diameter of the ring and the length of the magnet 


The mutual inductance of two coils depends upon 

(a) medium between coils (b) separation between coils 

(c) both on (a) and (b) (d) none of (a) and (b) 

The core used in transformers and other electromagnetic equipments is laminated because it 
(a) prevents rusting of core 

(b) increases the magnetic saturation level of the core 

(c) decreases the residual magnetism of the core 


(d) minimises eddy-current loss in the core 


If L and R represent inductance and resistance respectively then the dimensions of L/R will 

be: 

(a) M°L°T™ (b) M°L°T > 

(c) M°L°T (d) cannot be expressed in terms of M, L and T. 

When the current through a solenoid increases at a constant rate, the induced current: 

(a) is a constant and is in the direction of the inducing current 

(b) is a constant and is opposite to the direction of the inducing current 

(c) increases with time and is opposite to the direction of the inducing current 

(d) zero 

Figure shows two bulbs B1 and Bs, resistor R and inductor L. When the switch S is turned off 
R 


p O pd 
\|- 

(a) both B, and B, dies out promptly (b) both B, and B, die out with some delay 

(c) By dies out promptly, but B; with some delay (d) B; dies out promptly, but By with some delay 

A thin semicircular conducting ring of radius R is falling with its plane 


vertical in horizontal magnetic induction B . At the position MNQ the 
speed of ring is v then the potential difference developed across the ring is: 


(a) zero , M Q 
Bunk 
(6) —5 
(c) nRBv and Q at higher potential 
(d) 2RBv and M at higher potential 


and M at higher potential 


A metallic square loop ABCD is moving in its own plane witha velocity ° ° ° 9 9 9 © © 
v in a uniform magnetic field perpendicular to plane as shown in fig. ie S 
An electric field is induced i i i i i - v i 
(a) in AD but not in BC o oļo o oļo o o 
(b) in BC but not in AD o oDo o oCo o o 

) o o o o o o o o 


(c) neither in AD nor in BC 
(d) in both AD and BC 
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99. 


56. 


57. 


58. 


59. 


60. 


61. 


Two identical circular loops A and B of metal wire are lying on a table without touching each 
other. Loop A carries a current which increases with time. In response the loop B 

(a) remains stationary 

(b) is attracted by loop A 

(c) is repelled by loop A 

(d) rotates about its centre of mass with centre of mass fixed 

Two coils are placed close to each other. The mutual inductance of the pair of coils depends 
upon: 

(a) the materials of wires of the coils 

(b) the currents in the two coils 

(c) the rates at which currents are changing in the two coils 

(d) relative position and orientation of the two coils 

Two coils have inductances L; = 4 mH and L, = 1 mH respectively. The currents in the two 
coils are increased at the same rate. At a certain instant of time, both coils are given the same 
power. If J, and J, are the currents in the two coils at that instant of time respectively, then the 


. 1 . 
value of ratio = is: 


I, 


@) = (6) + © > (d) 1 

An infinitely long cylindrical conducting rod is kept along + z-direction. A constant magnetic 
field is also present in + z-direction. Then the current induced will be: 

(a) O 

(b) along +z-direction 

(c) along clockwise as seen from + z direction 

(d) along anticlockwise as seen from + z direction 

The current in a wire AB is increasing in magnitude. The direction of induced current in the 


loop (if any) will be: 


————————————— 


A B 
(a) clockwise (b) anticlockwise 
(c) arbitrary (d) no current is induced 


A circular loop of radius R carrying current J lies in x-y plane with the centre at origin. The 
total magnetic flux through xy plane is: 





x 
x 
x 
x 
X XXXXX 
(a) directly proportional to 7 (b) directly proportional to R 
(c) directly proportional to R? (d) zero 


The equivalent inductance of two inductors is 2.4 H when connected in parallel and 10 H 
when connected in series. What is the value of inductances of the individual inductors? 

(a) 2 H,8 H (b) 4H,6 H 

(c) 3H,7H (4) 5H,5H 


124] Physics—XIl: Term-1 WWW.JEEBOOKS.IN 


62. 


63. 


64. 


65. 


A square loop of side 20 cm and resistance 2 Q is moved towards right with speed 2v as shown. 
The left arm of the loop is in a uniform magnetic field of 0.5 T. The field is perpendicular 
to plane of paper, pointing downward. The loop is connected to a network of 5 resistors as 
shown in fig. With what speed should the loop be moved so that a steady current of 1 mA flows 





through the loop? oe 
E 
a 
(a) 2 cm/s (b) 2-5 cm/s (c) 5 cm/s (d) 25.cm/s 


A small square loop of a wire of side l is placed inside a large square loop of side L 
(L >> I). The loops are coplanar and their centres coincide. The mutual inductance of the 
system is proportional to: 


2 
@) + © > © = a) = 


Two circular coils can be arranged in any of the three situations as shown in fig. Their mutual 


> 0 
o S K— | 


(ii) (iii) 


inductance will be: 


(a) maximum in situation (2) (b) maximum in situation (22) 
(c) maximum in situation (272) (d) same in all situations 


The variation of induced emf (E) with time t in a coil if a short bar magnet is moved along its 
axis with a constant velocity 1s best represented as: 


LE Nr 


m ——> 
— 


(a) (b) 


1 —> 


i 
™— 


Electromagnetic Induction |125 


66. A uniform but time varying magnetic field B (t) exists in a circular region of radius ‘a’ and is 
directed into the plane of paper as shown. The magnitude of the induced electric field at point 
P at a distance r from the centre of the circular region: 





(a) is zero (b) decreases as 1/r (c) increases as r (d) decreases as 1/7? 


67. A short circuited coil is placed in a time varying magnetic field. Electric power is dissipated 
due to the current induced in the coil. If the number of turns were to be quadrupled and the 
wire radius halved, the electrical power dissipated would be: 


(a) halved (b) the same (c) doubled (d) quadrupled 
68. Figure shows a conducting circular loop of radius ‘a’ placed in a X X XX X XK, 
uniform, perpendicular magnetic field B. A metal rod OA is pivoted X X Cy x X 
at the centre O of the loop. The other end A of the rod touches the eaii D a” * 
x xPx x x x 


loop. The rod OA and the loop are resistanceless but a tungsten wire 
of resistance R is connected between O and a fixed point P on the loop. The rod OA is made 
to rotate anticlockwise with a uniform angular velocity œ by an external source. The current 
induced in the tungsten wire is: 

Boa? Boa? Baa’ 

R ) “OR © “SR 

69. A coil of area 5.0 X 10” m° is placed perpendicular to a time 


(a) zero (b) 








varying magnetic field shown in figure. The value of induced 
emf in coil in 10 ms is: 

(a) 01V 

(b) 0-1 mV 

(c) 0-5 V 

(d) 0-5 mV 





70. When the current changes from + 2 A to -2 A in 0.05 s, an emf of 8 V is induced in a coil. The 
coefficient of self-inductance of the coil is: 
(a) O-1H (b) 0-2 H 
(c) 040 (d) 0-8 H 


71. The effective inductance between A and B in the fig. shown if L = 3 H is: 





(a) 1H (b) 9H 
(c) 0-67 H (d) 15H 
72. In the given diagram, a line of force of a particular force field is shown. Out of 
the following options, it can never represent: 
(a) an electrostatic field (b) a magnetostatic field 


(c) a gravitational field of a mass at rest (d) an induced electric field 
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73. Which of the following units denotes the dimensions ae, where Q denotes the electric 
charge? 
(a) Wb/m* (b) henry (H) (c) H/m? (d) weber (Wb) 

74. A circular loop of radius r, carrying a current J lies in y-z plane with its centre at the origin. 
The net magnetic flux through the loop is: [CBSE 2020 (55/4/1] 
(a) directly proportional to r (b) zero 
(c) inversely proportional to r (d) directly proportional to J 

75. A rectangular, a square, a circular and an elliptical loop, all in the x-y plane are moving out 
of the uniform magnetic field with a constant velocity v = v i. The magnetic field is directed 
along the negative z-direction. The induced emf during the passage of these loops, out of the 
field region will not remain constant for: 
(a) the circular and the elliptical loops (b) only the elliptical loop 
(c) any of the four loops (d) the rectangular, circular and elliptical loops 

76. A conducting circular loop is placed in a uniform magnetic field,0-04 T with its plane 
perpendicular to the magnetic field. The radius of the loop starts shrinking at 2 mm/s. The 
induced emf in the loop when the radius is 2 cm is: 
(a) 48m uV (b) 08m uV (c) 16rnmruV (d) 32 n uV 

77. A long solenoid has 500 turns. When a current of 2 A is passed through it, the resulting 
magnetic flux linked with each turn of the solenoids 4X 10” Wb. The self inductance of the 
solenoid is : 
(a) 25H (b) 2-0 H (c) 1-0 H (d) 40 H 

78. An emf of 100 mV is induced in a coil when current in neighbouring coil becomes 10 A 
from 0 in 0-1 second. The coefficients of mutual inductance between the two coils will be: 
(a) 1 mH (b) 10 mH (c) 100 mH (d) 1000 mH 

79. The magnetic flux linked with a coil atany instant ‘E’ is given by 

> = 10° -50t + 250 Wb 

The induced emf at t = 3 s is: 
(a) — 190 V (b) =10 V (c) 10 V (d) 190 V 

80. Two co-axial solenoids are made by winding insulated wire over a pipe of cross-sectional area 
A = 10cm’ and length / = 10 cm. If one solenoid has 300 turns and the other 400 turns, their 
mutual inductance is : 
(a) 4-8 nx 10” H (b) 2-47 X 10 H (c) 2-47 X 10” H (d) 487 X 10H 

Answers 
1. (d) 2. (b) 3. (b) 4. (c) 5. (b) 6. (d) 7. (b) 8. (b) 
9. (d) 10. (a) 11. (a) 12. (b) 13. (b) 14. (d) 15. (a) 16. (d) 

17. (d) 18. (c) 19. (d) 20. (b) 21. (d) 22. (C) 23. (d) 24. (c) 

25. (d) 26. (a) 27. (d) 28. (d) 29. (d) 30. (a) 31. (d) 32. (a) 

33. (d) 34. (b) 35. (d) 36. (a) 37. (b) 38. (d) 39. (c) 40. (b) 

41. (c) 42. (c) 43. (a) 44. (c) 45. (d) 46. (a) 47. (b) 48. (c) 

49. (d) 50. (c) 51. (b) 52. (d) 53. (d) 54. (d) 55. (c) 56. (b) 

57. (b) 58. (a) 59. (a) 60. (d) 61. (b) 62. (c) 63. (b) 64. (a) 

65. (b) 66. (b) 67. (d) 68. (c) 69. (a) 70. (a) 71. (a) 72. (a) 

73. (b) 74. (b) 75. (a) 76. (d) 77. (c) 78. (a) 79. (b) 80. (d) 
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CASE-BASED QUESTIONS 





Attempt any 4 sub-parts from each question. Each question carries 1 mark. 


1. 


MIGRATION OF BIRDS: 


The migratory birds pattern is one of the mysteries 
in the field of science. For example, every winter 
birds from Siberia fly unerringly to water spots 
in the Indian sub-continent. There has been a 
suggestion that electromagnetic induction may 
provide a clue to the migratory patterns. The 
earth’s magnetic field has existed throughout 
evolutionary history. It would be of great benefit 
to migratory birds to use this field to determine 
the direction. As far as we know birds contains 
no ferromagnetic material. So, electromagnetic 
induction seems to be the only reasonable mechanism to determine the direction. Consider the 
optimal case where the magnetic field B, the velocity of the bird v and two relevant points of its 
anatomy separated by a distance /, all three are mutually perpendicular. From the formula for 
motional emf 





1.@.. g = Blu 
Certain kinds of fishes are able to detect small potential differences. However, in these fishes, 
special cells have been identified which detect small voltage differences. In birds no such cells 
have been identified. Thus, the migration patterns of birds continues to remains a mystery. 
(i) Am emf is produced in a coil, which is not connected to an external voltage source. This 
can be due to 
(a) the coil being in a time varying magnetic field 
(b) the coil moving in a time varying magnetic field 
(c) the coil moving out of a constant magnetic field 


(d) all of the above 


(iz) A circular coil expands radially in a region of magnetic field and no electromotive force 
is produced in the coil. This can be because 
(a) the magnetic field is in the same plane as the circular coil and it may or may not vary. 


(b) the magnetic field has a perpendicular (to the plane of the coil) component whose 
magnitude is decreasing suitably. 


(c) there is constant magnetic field in the perpendicular (to the plane of the coil) direction. 
(d) Both (a) and (b) 

(iii) A migratory Siberian bird is flying in the sky with a velocity of 10 m/s and the distance 
between two feathers is 2 cm. The earth’s magnetic field B perpendicular to the feathers is 
4 x 10° T. Then emf generated between the two feathers is 
(a)4uV (b) 6 uV 
(c) 8 uV (d) 10 uV 

(iv) An aeroplane having a wing span of 35 m flies due north with a speed of 90 m/s, given 
B = 4 x 10” T. The potential difference between the tips of the wings will be 


(a) 0.126 V (b) 1.26 V 
(c) 12.6 V (d) 0.013 V 
(v) A moving conductor’s coil produces an induced emf. This is in accordance with 
(a) Lenz’s law (b) Coulomb’s law 
(c) Faraday’s law (d) Ampere’s law 
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Answers 


l. 


2. 


(i) (d); Emf is produced in coil if the magnetic flux linked with it changes. When a coil moves 
into or out of a uniform magnetic field, the area associated with it changes which in turn 
changes the magnetic flux linked with the coil and an emf is induced. 


(t) (d); When coil expands in constant magnetic field, the magnetic flux inside the coil (along 
area vector) increases and induced current is produced. As the component of magnetic 
field along the area vector is zero, so ¢ = BA becomes zero. So, no induced current flows 
in the coil. 

(iti) (c); e = Blv, taking, B = 4 X 10° Ty 2=2cm=2xX 10°°m, v =10 m/s 
e=4x10°x2x10°x 10=8x10°V 
€ = 8uV 

(iv) (a); € = Blv, taking, B = 4 X 10° T, 1 = 35 m, v =90 m/s 

e = 4 X 10° x 35 x 90 = 126 x 10° V 


E=U.120 V9 
(v) (c); According to Faraday’s law, 
l _ dọ 
AA AE Ca ae 
_ 2È 
or le|= a 
MAGNETIC DAMPING: 


When a conductor oscillates inside a magnetic field, eddy currents are produced in it. The flow 
of electrons in the conductor immediately creates an opposing magnetic field which results in 
damping of the magnet and produces heat inside the conductor similar to heat build-up inside 
of a power cord during use. 


P Pivot 








(a) (b) 
By Lenz’s law the circulating currents create their own magnetic field that opposes the field of 
the magnet. Thus, the moving conductor experiences a drag force that opposes its motion. A 
damping force is generated when these eddy current and magnetic field interact with each other. 
It is a damping technique where electromagnetically induced current slow down the motion of 
an object without any actual contact. As the distance between magnet and conductor decreases 
the damping force increases. The electromagnetic damping force 1s proportional to the induced 
eddy current, strength of the magnetic field and the speed of the object which implies that faster 
the object moves, greater will be the damping and slower the motion of object, lower will be 
damping which will result in the smooth stopping of the object. 


(i) Foucault’s current are also known as 
(a) direct current (b) induced current 


(c) eddy current (d) both eddy current and induced current 


Electromagnetic Induction |129 


(ii) Eddy current have negative effect because they produce 


(a) heating only (b) damping only 
(c) heating and damping (d) harmful radiation 
(iii) The electromagnetic damping force is proportional to 
(a) the induced eddy current (b) the strength of magnetic field 
(c) the speed of object (d) all of the above 


(iv) In electromagnetic induction, line integral of induced field E around a closed path is 


and induced electric field is 





(a) zero, non conservative (b) non zero, conservative 


(c) zero, conservative (d) non zero, non conservative 


(v) A circular coil of area 200 cm? and 25 turns rotates about its vertical diameter with a 
angular speed of 20 m/s in a uniform horizontal magnetic field of magnitude 0.05 T. The 
maximum voltage induced in the coil is 


(a) 0.5 V (b) 1.5 V (c) 2.5 V (d) 2.0 V 


Answers 


Bi 


(2) (c); 


(w) (c); 


(u) (d); 


(tv) (d); 


(v) (a); 


Eddy current are the current which are induced in a conductor whenever the amount 
of linked magnetic flux with the conductor changes. These were discovered by Foucault 
in 1895. So, it is also called Foucault’s current. 


When a conductive material is subjected to a time-varying magnetic flux, eddy current 
are generated in the conductor. Due to the internal resistance of conductor, the eddy 
current dissipated, heat and also energy removed from the system produce damping 
effect. 


The electromagnetic damping form is proportional to the induced eddy current (I), the 
strength of magnetic induction (B) and the speed of the object (v). 


In electromagnetic induction, line integral of induced field E around a close path is not 
zero, and induced electric field is non-conservative (.e., work done due to its path is not 
equal to zero). 

It is induced emf of periodic EMI, so formula is E = NBAq. Here, © is angular speed. 
So, E = 25 X 0.05 x 200 x 10% x 20 = 0.5 V. 


ASSERTION-REASON QUESTIONS 





In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). 
Choose the correct answer out of the following choices. 


Both A and R are true and R is the correct explanation of A. 
Both A and R are true but R is not the correct explanation of A. 
(c) A is true but R is false. 

(d) A is false and R is also false. 


(a) 
(b) 


1. 


Assertion (A) : An emf is induced in a closed loop where magnetic flux is varied. The induced 


Reason 


field E is not a conservative field. [AIIMS 2006] 
(R) : The line integral $ E.di around a closed path is non-zero. 


Assertion (A) : Faraday established induced emf experimentally. 


Reason 


(R) : Magnetic flux can produce an induced emf. 


Assertion (A) : The direction of induced emf is always such as to oppose the changes that causes it. 


Reason 


(R) : The direction of induced emf is given by Lenz’s law. 
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4. Assertion (A) : Acceleration of a vertically falling magnet through a horizontal metallic ring is 
less than g. 
Reason (R) : Current induced in the ring opposes the fall of magnet. 
5. Assertion (A) : If we use a battery across the primary of a step up transformer, then voltage is 
also obtained across secondary. 
Reason (R) : Battery gives a time varying current, so there is a change in magnetic flux through 
the secondary of transformer and hence, emf is induced across secondary. 
6. Assertion (A) : When a rod moves in a transverse magnetic field, an emf is induced in the rod; 
the end becomes magnetic with end A positive. 
Reason (R) : A Lorentz force evB acts on free electrons, so electrons move from B to A, thus 
by making end A positive and end B negative. 
7. Assertion (A) : In the phenomenon of mutual induction, self-induction of each of the coils 
persists 
Reason (R) : Self-induction arises when strength of current in same coil changes. In mutual 
induction, current is changed in both individual coils. 
8. Assertion(A) : The bar magnet falling vertically along the axis of the horizontal 
coil will be having acceleration less than g. 
[AIIMS 2015] 
Reason (R) : Clockwise current is induced in the coil. 
9. Assertion (A) : If current is flowing through a machine of iron, eddy currents are CO 
produced. [AIIMS 1997] 
Reason (R) : Change in magnetic flux through an area causes eddy current. 
10. Assertion(A) : The presence of large magnetic flux through a coil maintains a current in the 
coil, if the circuit is continuous. [AIIMS 2018] 
Reason (R) : Only a change in magnetic flux will maintain an induced current in the coil. 
Answers 
1. (a) 2. (c) 3. (b) 4. (a) S. (d) 6. (d) 7. (a) 8. (c) 
9. (a) 10. (d) 


HINTS/SOLUTIONS OF SELECTED MCQs 


1. (d) According to Faraday’s law, emf is induced whenever the flur linked with circuit change. 

2. (b) 6=BA=10° x 107 = 10° Wb 

3. (b) þp= BA cos 0 = 4 x 0.5 X cos 60° = 1 Wb 

4. (c) b=B.A =B, (20 + 3) + 4k). h= 4B, Wb 

5. (b) b=B.A=B 0 +h (Ph + Ii) = 2B, Wb 

6. (d) Magnetic flux linked with the isolated coil change the coil being in a time varying magnetic 
field, the coil moving in a constant magnetic field or in time varying magnetic field. 

7. (b) When cylindrical bar magnet is rotated about its axis, no change in flux linked, so no emf 
induced. 

8. (b) According to Lenz’s law, due to opposes its cause of change, same polarity of magnet is 
developed in ring which opposes the motion of ring. 

9. (d) When the A stops moving the current in B becomes zero, it possible only if the current in A 
is constant. If the current in A would be variable, these must be an induced emf in B even if 
the A stops moving. 

10. (a) When the current in B (at t = 0) is anticlock wise and due to Lenz’s law, when coil A start 


rotating at t =0, the current in A is constant along clockwise direction. 
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11. (@) Lenz’s law is consequence of conservation of energy. 
12. (b) L= Huon” Al, where n = N/l 
Then, L is increases, when / decreases and A increases. 


A — 
13. (b) Charge,q = ~ = a 0 = -5 


14. No flux change is taking place because magnetic field exists everywhere and is constant in 





S 


time and space. 
15. (a) Inertia because A is similar to inertial behaviour where body tend to opposes any change. 


16. (d) When circular coil expands radially in a region of magnetic field such that the magnetic field 
is in the same plane as the circular coil or the magnetic field has a perpendicular (to the plane 
of the coil) component whose magnitude is decreasing suitably in such a away that the cross 
product of magnetic field and surface of plane of coil remain constant at every instant. 

Ai -E -2 9 
17. (d) E=-L— > L= = ———— = 10H =10mH 
(@) Al AAt (2-8)/3x10~ 


18. (c) M depends on permeability of core, the number of their turns and cross-section area of the 





common core. It also depends on their separation as well as relative orientation. 
2 








21. (d) Doubled as L = po “A 
22. (c) Slows down due to Eddy current. 
23. (d) Due to lenz law, falling magnet will increase the magnetic flux which is opposed by metallic 
cylinder. a00 
= á = ĀĄ m 
24. oe (at) (=) 4H 
At 0.1. 
_ Ad _ 8 x107 O 3 
25. (d) |e|= At O04 = 2x10 V 
26. (a) L= on lA = La n° 
_ -dọ _ -d C ., 
27. (d) e=—a = gr (-BIx C )) = BL. , = Blu 
120 2 
28. (d) e =+ Blew = BEnv = 04X10" x (0.5)2 x (3.14) x = = 6.28 x 10°V 
Ap (10-2) 
29. (d) AQ =R go 74C 
d 
31. (d) We know that e = fi 
_ 4 dq dp dR dọ Ad 
Bute =:R and 7 ap eo ae => ` y > Rp = = Ade 
-Æ = _ edt _ -16x2 _ 
35. (d) As e= -7N $B) = -— => L= T7 = 4H 


38. (a) Magnetic potential energy stored in an inductor in given by = oe 
-3 
2E ee X10" 00 = 13.898 
I (60 x 10%) 36 
43. (a) According to Lenz’s law, the current induced in coil will opposes the increasing magnetic 
field when electron pass the coil from X to Y. 


= L= 


44. (c) L= N uA > LaN* 

46. (a) M=,/L,L,=/2x8=4mH 

48. (c) Medium between coils and separation between them 

50. (c) Time constant, t = L/R 

52. (d) When switch S is turned off, the current in resistor branch becomes zero immediately, while 


current in inductor branch takes some time to become zero. 
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CRA 


54. 


55. 
57. 
58. 


59. 


60. 


61. 


62. 


63. 


66. 


(d) 


For induced p.d., we have to take the component of length normal to both magnetic field 
and velocity, so induced emf Bul = Bv.2R. By Fleming’s left hand rule, the direction of 
induced current is from M to Q; so M is at higher potential. 

When loop moves in uniform magnetic field, equal and opposite emf’s are induced in side 


AD and BC. 


Opposite currents are induced in loops, so loops repel each other. 


d _h_1 
L L 4 


As the magnetic field is constant, the rate of change of magnetic flux will be zero and thus 
current induced will also be zero. 

According to Lenz’s law, the current induced in coil will oppose the increased magnetic field 
due to increase of current, so current induced will be clockwise. 








Magnetic flux through the coil, 
b=B+A=Bke(Ait+A,j)=0 

‘+s + | l 
L+ L =n L, + L, =10 
L L, 

12-94 > LL,=%4 > L=% 

10 L, 

24 = 

2 
The ae isa icon’ aane bridge. Its equivalent resistance between C and D is 
total resistance of circuit 
E _ Bul 
R R 
=> v ==* = 5x107 m/s = 5 cm/s 
Bl, 
Magnetic field at centre produced due to current J, in larger loop, 
ol. 2/2 ol 
B =4x — (sin 45° + sin 45°) = ——— 
ad) i 
2 
Magnetic flux linked with smaller loop, 
= à 2/2 Wyl, 2 

>, = 3B 48n na 


w mr È 
IO T LÖL’ 


The magnetic field is along the axis of a circular coil. The maximum flux linkage between 





Mutual Inductance M = 


the coils is in situation (1). 


Induced emf, 
dd d dB dB dx _ dB 
a <0 Ue a 
The magnetic flux linked with coil initially increases, so induced emf is initially negative, 
then magnetic flux linked becomes constant; so FA = 0 and then magnetic flux begins to 


decrease, so Z, is negative and induced emf is positive. The change of sign is only shown in (b). 


(d) If E is electric field induced at cance r, then 


E 27r = {AB (t)} = na’ E e) 


2 
~a dB atl 
— E = a di (1) x > 
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67. 


68. 


69. 


71. 


12. 


14. 


76. 


77. 
78. 


79. 


80. 


(d) 


(b) 


(d) 


2 
pi 





R do 
Induced emf E = - N — = - NA dB 
) dt dt 
Resistance R = n x L 
N2 9 TTY Y 
Pa 


P. NY Iny q% 
= =(=] x2] =?x(5) = 
max) aola 
EMF induced between point O and A, 











E= 5 Bok 
Potential difference across OP = Bou 
_V — Boa 
Current in R, / = RoR 
dd dB , 
E = el A Ji |= 4 xslope of line OA 
- 5 -0x108 x——— =0-1V 
10x10 


Given three inductors are connected in parallel, so 


l l l l 11,1 
i eee! | 
Ly Lb k tL, 3 3 3 
In electrostatic field and gravitational field, the field lines cannot originate and terminate at 


the same point. 
Magnetic flux = ÈB. A. 
Where B; is the magnetic field passing through the area A,. 
Since B = 0 
Hence net magnetic flux is zero. 
6=BA = B.nr? 

emf, e=? = _ 9p no 

e=-2X0.040,x 0.02 X 0.002 = 3.2 7 pV 

nel 


Q 
Pana 7 LI = b = 500x 4x10” = 2 Wb So L= =5=1H 








net I 

_ ade 
lel = Moe 

~_e _ 100x107 
SET t) 

dt 0.1 
-3 ; 

> = 10 — 50t + 250 

= B= _ 4 (10/2 -50 + 250) =- 201 + 50 
Att=3s 


= —20(3) + 50 = -10 V 


Mutual inductance of two solenoid system, 





p 
M = [= )NA = 4nx107( abel ) x 400 x 10x10" H 


/ 0-10 
=487x107°H 
il 
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ALTERNATING 
07 


CURRENT 





IMPORTANT FORMULAE 


1. For an alternating current circuit 
V= V sin ot; [= h sin (œt + >) 
2. RMS value of an alternating current 
I V 
Ims = Vins = 
v2 v2 


3. Impedance of series LCR circuit 


vai 9 2 1 : 
-ms _ | ao D § 
Z T R? +(X_-X;) rR-+| C oL) 


rms 


4. Phase angle between / and V, 
Xo-xX; 
R 





tang = 


cos == 


5. Resonance: (If Xc = Xz; and Z = R), then 
1 


2nv LC 








1 
w= and f. = 
a. adk 
6. Q-Factor: 
o OL 41 /L 
Q@- Factor = 0-0, R RVC 


7. Average power dissipated in LCR-circuit, 





P.=V...i cos6 = ÈV I cos 0 


ar -rms*rms 2 


8. Peak emf in a rotating coil of generator 





E = NBAw 
9. For LC oscillations 
1 1 
W = —— and f = 
" VLC h, 2n y LC 
V N, L : . 
10. For a Transformer — = ~ =— =r (transformation ratio) 
p p s 





For a step up transformer r= = >] 
p 





For a step down transformer, r = ~ <1 
p 
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Individual — (R or L or C) 


E E 


E T T 


Current 


Phasor Diagram 


Variation of 
Z with v 


v 


R does not depend on v 


Circuit Iis same in R&L 


Phasor diagram 


RAAUA es 
V =V.-V, Ve> Vz 
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Phase difference in 


between V and J V leads 7 (4 = Oto z) V lags I (o =0to z) V lags I (o=-4. if Xc > x] 


V leads J 


op if X a 


Variation of Z with | As v increases, As v increases, As v increases, Z first 


v 





Z increases Z decreases decreases then increases 
Z Få 


MULTIPLE CHOICE QUESTIONS 


Choose and write the correct option in the following questions. 


L 





If the rms current in a 50 Hz ac circuit is 54, the value of the current 1/300 seconds after its 
value becomes zero is [NCERT Examplar] 


(a) 5/2 A (b) s A (c) 5/6 A (d) 5//2 A 


An alternating current generator has an internal resistance R, and an internal reactance Xo It 
is used to supply power to a passive load consisting of a resistance R, and a reactance Xz. For 
maximum power to be delivered from the generator to the load, the value of X; is equal to 


[NCERT Examplar] 
(a) zero (b) X, (c) - X, (d) R 
In an ac circuit, the maximum value of voltage is 423 volts. Its effective voltage is 
(a) 400 volt (b) 300 volt (c) 323 volt (d) 340 volt 
The peak voltage of 220 V ac mains is 
(a) 155.6 V (b) 220.0 V (c) 311 V (d) 440 V 


An inductive circuit have zero resistance. When ac voltage is applied across this circuit, then 
the current lags behind the applied voltage by an angle 

(a) 30° (b) 45° (c) 90° (d) 0° 

If an LCR circuit contains L = 8 henry; C = 0.5 uF, R = 100 © in series. Then the resonant 
angular frequency will be: 


(a) 600 rad/s (b) 500 rad/s (c) 600 Hz (d) 500 Hz 
When a voltage measuring device is connected to ac mains, the meter shows the steady input 
voltage of 220 V. This means [NCERT Examplar] 


(a) input voltage cannot be ac voltage, but a dc voltage. 
(b) maximum input voltage is 220 V. 
(c) the meter reads not V but <V°> and is calibrated to read y< V7 >. 


(d) the pointer of the meter is stuck by some mechanical defect. 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


To reduce the resonant frequency in an LCR series circuit with a generator [NCERT Examplar] 
(a) the generator frequency should be reduced. 


(b) another capacitor should be added in parallel to the first. 
(c) the iron core of the inductor should be removed. 
(d) dielectric in the capacitor should be removed. 
In a pure capacitive circuit, the current 
(a) lags behind the applied emf by angle 7/2 (b) leads the applied emf by an angle 7 
(c) leads the applied emf by angle 7/2 (d) and applied emf are in same phase 
In an ac circuit, the emf (£) and the current (7) at any instant are given by 
e€ = E sin Wt, i= I) sin (wt - >) 


Then average power transferred to the circuit in one complete cycle of ac is 


l l ; l 
(a) Eolo (b) 5 Eolo (c) 5 Fol sin > (d) g Fol cos > 
The average power dissipation in pure inductance is 
(a) ZLÉ (b) HP (c) 2LI° (d) zero 


Electrical energy is transmitted over large distances at high alternating voltages. Which of the 
following statements is (are) correct? [NCERT Examplar] 
(a) For a given power level, there is a lower current. 

(b) Lower current implies less power loss. 

(c) It is easy to reduce the voltage at the receiving end using step-down transformers. 


(d) All of these 


The reactance of a capacitance at 50 Hz is 5 Q. Ifthe frequency is increased to 100 Hz, the new 
reactance 1s 

(a) 50 (b) 10Q (c) 2.5 Q (d) 125 Q 

In a pure inductive circuit, the current 

(a) lags behind the applied emf by anangle za (b) lags behind the applied emf by an angle 7/2 
(c) leads the applied emf by an angle 7/2 (d) and applied emf are in same phase 

When an ac voltage of 220 V is applied to the capacitor C [NCERT Examplar] 
(a) the maximum voltage between plates is 220 V. 

(b) power delivered to the capacitor is zero. 

(c) the charge on the plates is in phase with the applied voltage. 

(d) both (b}and (c) 

Which of the following combinations should be selected for better tuning of an LCR circuit used 


for communication? [NCERT Examplar] 
(a) Re= 200, L = 1.5 H, C = 35 uF (b) R = 25 Q, L = 2.5 H, C = 45 uF 

(c) R =T5 QO, L = 3.5 H, C = 30 uF (d) R = 25 Q, L = 1.5 H, C = 45 pF 

An inductor of reactance 1 QO and a resistor of 2 Q are connected in series to the terminals of a 6 V 
(rms) ac source. The power dissipated in the circuit is [NCERT Examplar] 
(a) 8 W (b) 12 W (c) 14.4 W (d) 18 W 

The output of a step-down transformer is measured to be 24 V when connected to a 12 watt light 
bulb. The value of the peak current is [NCERT Examplar] 
(a) 1/72 A (b) (2 A (c) 2A (d) 2/2 A 


In a series LR-circuit, the inductive reactance is equal to the resistance R of the circuit. An 
emf E = E,cos (ot) is applied to the circuit. The power consumed in the circuit is 


E? E? E? E? 
0) Fe Ones Ons @) oR 
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20. 


21. 


22. 


23. 


24. 


25. 


26. 


a. 


28. 


29. 


30. 


31. 


One 60 V, 100 W bulb is to be connected to 100 V, 50 Hz ac source. The potential drop across 
the inductor is 

(a) 10 V (b) 40 V (c) 20 V (d) 80 V 

An ac voltage source of variable angular frequency œ and fixed amplitude a is connected in 
series with a capacitance C and an electric bulb of resistance R (inductance zero). When © is 
increased 

(a) the bulb glows dimmer (b) the bulb glows brighter 


(c) net impedance of circuit is unchanged (d) total impedance of the circuit increases 


An alternating emf of angular frequency © is applied across an inductor. The instantaneous 
power developed across it has an angular frequency 

(a) © (b) œ/2 (c) @/4 (d) 2 © 

The variation of the instantaneous current /(¢) and the instantaneous emf E(t) in a circuit is as 
shown in the following fig. Which of the following statements is correct? 





(a) The voltage lags behind the current by 7/2. (b) The voltage leads the current by 7/2. 
(c) The voltage and the current are in phase. (d) The voltage leads the current by 7. 


In electric arc furnace, Copper or iron is melted due to variation of 


(a) current (b) magnetic field (c) voltage (d) electric field 

When ac source is connected across series R-C combination, the ac current may lead ac voltage 
b 

ms 0° (b) 180° (c) 30° (d) 90° 

High voltage transmission line is preferred as 

(a) its appliances are less costly (b) thin power cables are required 

(c) idle current very low (d) power loss is very less 


In series R-L-C circuit, quality factor can be improved by 

(a) decreasing L (b) increasing C (c) decreasing R (d) decreasing R & L 
When ac source is connected across series R-L-C combination, maximum power loss will 
occur provided 


(a) current and voltage are in phase (b) current from source is minimum 
(c) inductance is minimum (d) capacitance is maximum 

In R-L-C series ac circuit, impedance cannot be increased by 

(a) increasing frequency of source (b) decreasing frequency of source 

(c) increasing the resistance (d) increasing the voltage of the source 


In highly inductive load circuit, it is more dangerous when 


(a) we close the switch (b) we open the switch 

(c) increasing the resistance (d) decreasing the resistance 

In electric sub-station in township, large capacitor banks are used 

(a) to reduce power factor (b) to improve power factor 

(c) to decrease current (d) to increase current in the circuit 
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32. 


33- 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


In a purely resistive ac circuit, the current 
(a) is in phase with the emf 


(b) 
(c) 
(d) lags behind the emf by phase difference of m /4 radians 


leads the emf by a phase difference of m radians 
leads the emf by a phase difference of 7 /2 radians 


A capacitor of capacitance C has reactance Xç. If capacitance and frequency become double, 
then the capacitive reactance will be 


A Xe 
(a) 2X¢ (b) 4X¢ © z d) > 
The core of a transformer is laminated, so as to 
(a) make it light weight (b) make it robust and strong 
(c) increase the secondary voltage (d) reduce energy loss due to eddy current 


The ratio of number of turns of primary coil to secondary coil in a transformer is 2:3. If a cell 
of 6 V is connected across the primary coil, then voltage across the secondary coil will be 
(a) 3 V (b) 6 V (c) 9V (d) 12 V 
In a transformer, the number of turns of primary and secondary coil are 500 and 400 
respectively. If 220 V is supplied to the primary coil, then ratio of currents in primary and 
secondary coils is 
(a) 5:9 (b) 5:4 (o) 9:5 (d) 4:5 
An LC-circuit contains 10 mH inductor and 25 mF capacitor with given initial charge. The 
resistance of the circuit is negligible. At what time the energy stored in circuit is completely 
magnetic? (Time is measured from the instant when the circuit is close) 

Toral Tr T. 21 oF T T 
(a) pP 4g (b) 0,5g: (c) 3°3° 3°" (d) O04 
In an ac circuit the voltage and current are given by the following expressions 
V = V sin ot and I = I, cos ot, where the symbols have their usual meaning. Which of the 
following statement is correct? 
(a) Voltage lead the current by a phase angle of 77/2. 
(b) Voltage lags behind the current by phase angle of 7. 
(c) Voltage and current are in phase. 


(d) Voltage lags behind the current by phase angle of 77/2. 


The peak value of an ac of 2 A in a circuit 


(a) J2A (b) 2A (c) 273 A (d) 2/2 A 

In an ac circuit, current is given by the relation / = 100 /2 cos 50t A. The rms value of the 
current is 

(a) 50 A (b) 200 A (c) 100 A (d) 100 y2 A 


In an ac circuit containing resistance only, E and J are given by E = 200 sin (200)t volt and 
I = 100 sin (200)t mA. The power dissipated in the circuit is 


(a) 10 watt (b) 200 watt (c) 100 watt (d) 400 watt 

In case of an ac circuit containing pure inductance, the phase difference between E and J is 
T T 

(a) 4 (b) zero (c) T (d) 9 


A transformer has 20 turns of primary and 100 turns of secondary. If the two ends of the 
primary are connected to a 220 V dc supply, the voltage across the secondary will be 
(a) zero (b) 1100 V (c) 220 V (d) 11 V 
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44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


55. 


56. 


57. 


An ac source is connected in series to an inductance L and a capacitance C, such that the 
frequency of the ac source is 








i 1 
-1,-1 -1/2 p-1/2 __}7-1 -l |) 7-1/2 -1/2 
(a) LC (b) L C (c) (z )z GC (d) fe )z C 
An ac source is of 200 V, 50 Hz. The value of voltage after : s from the start is 
J/2 600 
(a) 200 V (b) ay (c) 100 V (d) 50 V 
(2 


In an ac series circuit, the instantaneous current is maximum when the instantaneous voltage 
is maximum. The circuit element connected to the source will be 
(a) pure inductor (b) pure capacitor 
(c) pure resistor (d) combination of a capacitor and an inductor 


R, Land C represent the physical quantities resistance, inductance and capacitance respectively. 
Which one of the following combinations has dimension of frequency? 


l R l C 
O Te (6) = © = (i) = 
Which of the following effects is not possible by ac? 
(a) Heating effect (b) Chemical effect 
(c) Magnetic effect (d) None of the above 
A pure capacitor in an ac circuit 
(a) stores energy in its electrostatic field (b) stores energy in its magnetic field 
(c) does not store energy (d) dissipates energy 


In an ac circuit the phase difference between current and emf is 45°. The circuit contains 
(a) a pure inductance 


(b) a pure resistance 
(c) a pure capacitance 
(d) a resistance, an inductance and a capacitance in series. 


The metal/alloy that is more suitable for making cores of transformers is 


(a) steel (b) soft iron (c) copper (d) brass 

An electric bulb 220.V, is connected to 220 V, 50 Hz ac source. Then the bulb 

(a) does not glow (b) glows intermittently 

(c) glows continuously (d) fuses 

The average power dissipation in a pure capacitor is: 

(a) >cv £ (b) CV? (c) tcv i (d) zero 

The frequency of ac is 50 Hz. How many times the current becomes zero in one second? 
(a) 50 times (b) 100 times (c) 200 times (d) 25 times 


In a circuit current J is given by J = J) sin (wt — 7/2) when ac potential of E = E, sin wt has been 
applied. Then the power consumption P in the circuit would be: 
@ = o) © = 

2 2 2 
The potential difference V and current 7 flowing through an inductor in an ac circuit are given 
by V = 5 cos ot volt, i = 2 sin wt ampere, the power dissipated in the inductor is: 
(a) OW (b) 10 W (c) 5 W (d) 2.5 W 
Electric power is transmitted over long distance through conducting wires of high voltages because 
(a) it reduces the possibility of theft of wire 


(b) 
(c) 


(d) ac signal of high voltage travels faster. 
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(d) zero 


this entails less power losses 


ac generators produce electric power at very high voltages 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


A choke coil is a coil having 

(a) low inductance and high resistance 
(b) low inductance and low resistance 
(c) high inductance and high resistance 


(d) high inductance and negligible or small resistance 


The voltage measured across the ac mains terminals is 210 V. Then the peak to peak variation 
of voltage between the terminals will be: 


(a) 420 V (b) 420/,/2 V (c) 420 y2 V (d) 210 y2 V 


An ac voltage source E = 200/2 sin 100 ¢ is connected across a circuit containing an ac 

ammeter and a capacitor of capacitance 1uF. The reading of ammeter is 

(a) 10 mA (b) 20 mA (c) 40 mA (d) 80 mA 

An alternating current circuit consists of an inductor and a resistor in series. In this circuit 

(a) The potential difference across and current in resistor leads the potential difference across 
inductor. 

(b) The potential difference across and current in resistor lags behind the potential difference 
across inductor by an angle 77/2. 

(c) The potential difference across and current in resistor lags behind the potential difference 
across inductor by an angle 7 

(d) The potential difference across resistor lags behind the potential difference across 
inductor by an angle 7/2, while the current in resistor leads the potential difference across 
inductor by an angle 77/2. 


The core used in transformers and other electromagnetic devices are laminated 

(a) to increase the magnetic field 

(b) to increase the level of magnetic saturation of the core 

(c) to reduce the magnetism in the core 

(d) to reduce eddy current losses in the core 

An alternating voltage of frequency @ is induced in electric circuit consisting of an inductance 
L and capacitance C, connected in series. Then across the inductance coil 

(a) current is maximum when @ = 1/LC (b) current is minimum when o° = 1/LC 

(c) voltage is minimum when o° = 1/LC (d) voltage is zero when œ = 1/LC 

An alternating voltage is connected in series with a resistance R and an inductance L. If the 
potential drop across the resistance is 200 volts and across the inductance is 150 volt, the 
applied voltage is: 

(a) 250 V (b) 300 V (c) 350 V (d) 500 V 

An inductive circuit contains a resistance of 10 ohm and an inductance of 2-0 henry. If an ac 
voltage of 120 volt and frequency 60 Hz is applied to this circuit, the current in the circuit 
would be nearly 

(a) 0:32 A (b) O-16A (c) 0-48 A (d) 0-80 A 

When 100 volt dc is applied across a solenoid, a current of 1.0 A flows in it. When 100 volt 
ac is applied across the same coil, the current drops to 0.5 A If the frequency of ac source is 
50 Hz, the impedance and inductance of solenoid are: 


(a) 200 Q and 0-55 henry (b) 100 Q and 0-86 henry 

(c) 200 Q and 1-0 henry (d) 100 Q and 0-93 henry 

An electric fan is: 

(a) electric motor (b) electric generator 

(c) an accelerator (d) based on electromagnetic induction 
A transformer is used to 

(a) convert ac into dc (b) convert dc into ac 

(c) to step up or down dc voltage (d) to step up or down ac voltage 
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69. 


70. 


11. 


Ta 


73. 


74. 


75. 


The power dissipated in an LCR series circuit connected to an ac source of emf £ is : 


1° 1 ¥ 
E R + (wl <a) Ee R? +(wL-<) 
WC WC 


(4) —— p; ~~~ 9 R 
o ——e Rk a) = 
2 l i 2 L dl 
R +[oL-zz) R +o -zT 


In the given circuit, the reading of voltmeter V] and V, are 300 volts each. The reading of 
voltmeter V, and ammeter A are respectively. 


L C R=100Q9 


JUVVUUVUU JUVUUUUU 





220 V, 50Hz 
(a) 220 V, 2.2 A (b) 220 V, 2.0 A (c) 100 V, 2.0 A (d) 150 V, 2.2 A 


An emf of 15 V is applied in a circuit containing 5 H inductance and 10 © resistance. The ratio 
of the currents in time t = © and att = 1 second is: 


/2 


gi/2-1 








ri —] -1 
(a) (b) 2 (c) l-e (4) e 


In an RC circuit while charging; the graph of log, I versus time (t) is 





shown by the dotted line in the diagram where / is the current. When t 
the value of the resistance is doubled, which of the solid curves best log, I 
represents the variation of log, J versus time (t)? 

(a) P (b) Q 

(c) R (d) S 


An inductor (L = 100 mH), a resistor (R = 100 Q) and a battery 
(E = 100 V) are initially connected in series as shown in figure. 
Aftera long time the battery is disconnected after short circuiting 
the points A and B. The current in the circuit 1 ms after the short 
circuit is: 





(a) La (b) e A 

(c) OLA (d) 1A 

In LCR circuit, capacitance is changed from C to 2C. For resonant frequency to remain 
unchanged, the inductance should be changed from L to: 

(a) 4L (b) 2L (c) L /2 (L 

An alternating current is given by 7 = 7, cos wt + 7, sin ot. The rms current is given by: 


dy + ly lb — by uy + lo Ly lo 


o -7 © -7 © y — d -5 
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76. 


77. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


In a transformer, the number of turns in the primary are 140 and that in secondary are 280. If 
the current in the primary is 4 A; the current in secondary is: 

(a) 4A (b) 2A (c)6A (d) 10A 

When an ac source of emf e = E, sin 100¢ is connected across a circuit, 
the phase difference between emf e and the current in the circuit is 
observed to be 7/4 as shown in figure. If the circuit consists possibly 
RC or RL or LC in series, find the relationship between the two 
elements: 

(a) R = 1 KQ, C = 10 uF (b) R = 1 KQ,C = 1 uF 
(c) R=1kQO,L=10H (d) R=1kKQ9,L=1H 





The phase difference between the alternating current and emf is Z Which of the following 
: ae 2 

can not be the constituent of the circuits? 

(a) R,L (b) C alone (c) L alone (d C 

The voltage of an ac supply varies with time as V = 120 sin mt cos 100 7t. The maximum 

voltage and frequency respectively are: 


(a) 120 V, 100 Hz (b) 60/2 V, 100 Hz (c) 60 V, 200 Hz (d) 60 V, 100 Hz 


A circuit containing L, C and ac source with ammeters A,, A,, A> is shown in figure. At 
resonance which ammeter reads zero? 


SOTO (Ay) 


Az 
© As) 


Source 
(a) Ay (b) Ao 
(c) As (d) all the three A,, Ay and As 


A capacitor of capacitance 2 uF is connected to a tank circuit of an oscillator with frequency 
of 1 kHz. If the current in the circuit is 2 mA, the voltage across the capacitor will be : 


(a) 0-16 V (b) 0-32 V (c) 79-5 V (d) 159 V 


A purely resistive circuit element X when connected to an ac supply of peak voltage 200 V 
gives a peak current of 5 A which is in phase with voltage. A second circuit element Y, when 
connected to same ac supply also gives the same value of peak current but the current lags 
behind by 90°. If the series combination of X and Y is connected to same supply; what will be 
the value of rms current? 


(a) L5OA (b) 25A (c) 3.5A (d) 0:5 A 
The voltage and current in ac circuit are given by 

V = 5sin (10072 - =), i= 4sin(100z¢ + z) 
We can conclude 
(a) voltage leads the current by 30° (b) current leads the voltage by 30° 


(c) current leads the voltage by 60° (d) current and voltage are in phase 


The electric current in a circuit is given by I = J, (=) for some time. The rms value of current 
for the period t = 0 tot = Tis: 


lo lo 
@) (b) V21, ©) Te d) ¥31, 


144] Physics—XIl: Term-1 WWW.JEEBOOKS.IN 


85. A series LCR circuit is shown in figure. The source frequency f 
is varied, but the current is kept unchanged. Which of the curves 
shows changes of V; and V, with frequency? 
Vc VL V 
E 
t i t 
a) V (b) V 
— f —>f 
V 
° mL Ve VL 
+ 
(c) vV da) V 
— f =f 
86. An alternating current of 1-5 mA rms and angular frequency œ = 100 rad/s flows through a 
10 kQ resistor and a 0-50 uF capacitor in series. The rms potential difference across the 
capacitor is: 
(a) 4-8 V (b) 15 V (c) 30 V (d) 42 V 
87. Ina series LCR circuit, the voltage across R is 100 V and R = 1 KQ with C = 2 uE The resonant 
frequency © is 200 rad/s. At resonance, the voltage across L is: 
(a) 2:5 X 10° V (b) 40 V (c) 250 V (d) 4 x 10° V 
88. Inan ac generator, a coil with N turns, all of the same area A and total resistance R, rotates with 
frequency © in a magnetic field B. The maximum value of emf generated in the coil is: 
(a) NABR® (b) NAB (c) NABR (d) NABo 
89. An ideal coil of 10 H is connected in series with a resistance of 5 Q and a battery of 5 V. 2 
seconds after the connections are made, the current flowing, in ampere, in the circuit is: 
(a) e (b) e` (c) (l-e") (d) (l-e) 
90. The selectivity of a series LCR ac circuit is large, when [CBSE 2020 (55/5/1] 
(a) Lis large and R is large (b) L is small and R is small 
(c) Lis large and R is small (4) L=R 
91. The phase difference between the current and the voltage in series LCR circuit at resonance 
is [CBSE 2020 (55/5/2] 
(a) T (b) t/2 (c) 1/3 (d) zero 
Answers 
1. (b) B (c) 3. (b) 4. (c) 5. (c) 6. (b) 7. (c) 8. (b) 
9. (c) 10. (d) 11. (d) 12. (d) 13. (c) 14. (b) 15. (d) 16. (c) 
17. (c) 18. (a) 19. (a) 20. (d) 21. (b) 22. (d) 23. (b) 24. (a) 
25. (d) 26. (d) 27. (c) 28. (a) 29. (d) 30. (b) 31. (b) 32. (a) 
33. (c) 34. (d) 35. (c) 36. (d) 37. (a) 38. (d) 39. (d) 40. (c) 
41. (a) 42. (d) 43. (a) 44. (d) 45. (c) 46. (c) 47. (b) 48. (b) 
49. (a) 50. (d) 51. (b) 52. (b) 53. (d) 54. (b) 55. (d) 56. (a) 
57. (b) 58. (d) 59. (d) 60. (b) 61. (d) 62. (d) 63. (a) 64. (a) 
65. (b) 66. (a) 67. (a) 68. (d) 69. (d) 70. (a) 71. (b) 72. (a) 
73. (a) 74. (c) 75. (c) 76. (b) TT. (c) 78. (a) 79. (d) 80. (c) 
81. (a) 82. (b) 83. (c) 84. (c) 85. (a) 86. (c) 87. (c) 88. (d) 
89. (c) 90. (c) 91. (d) 
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CASE-BASED QUESTIONS 





Attempt any 4 sub-parts from each question. Each question carries 1 mark. 


l. 


LC OSCILLATORS: 

An LC circuit oscillating at its natural resonant frequency can store electrical energy. A 
capacitor store electrical energy in the electric field (E) between its plates, depending on 
the voltage across it, and an inductor stores magnetic energy in its magnetic field (B), 
depending on the current through it. If an inductor is connected across a charged capacitor, the 
voltage across the capacitor will drive a current through inductor, building up a magnetic field 
around it. The voltage across the capacitor falls to zero as the charge is used up by the current 
flow. At this point, the energy stored in the coil’s magnetic field induces a voltage across the coil, 
because inductor oppose changes in current. This induced voltage cause a current to begin to 
recharge the capacitor with a voltage of opposite polarity to its original charge. Due to Faraday’s 
law, the emf which drives the current is caused by a decrease in magnetic field, thus the energy 
required to charge the capacitor is extracted from the magnetic field. When the magnetic field is 
completely dissipated the current will stop; and the charge will again be stored in the capacitor 
with the opposite polarity as before. Then the cycle will begin again, with the current flowing 
in the opposite direction through the inductor. The charge flows back and forth between the 
plates of the capacitor, through the inductor. The energy oscillates back and forth between the 
capacitor and the inductor until internal resistance makes the oscillations die out. The tuned 


circuit’s action, known mathematically as harmonic oscillator, is similar to a pendulum swinging 
back and forth. 





(i) In an LC oscillator, the frequency of oscillator is Lor C. 
(a) directly proportional to (b) proportional to the square of 
(c) independent of the value of (d) inversely proportional to square root of 


(iz) An LC oscillator cannot be used to produce 
(a) high frequencies (b) audio frequencies 
(c) very low frequencies (d) very high frequencies 


(iii) In an LC oscillator, if the value of L is increased four times, the frequency of oscillations 


is 
(a) increased by 2 times (b) decreased 4 times 
(c) increased by 4 times (d) decreased by 2 times 


(iv) In an ideal parallel LC circuit, the capacitor is charged by connecting it to a dc source, 
which is then disconnected. The current in the circuit 


(a) becomes zero instantly (b) grows monotonically 
(c) decays monotonically (d) oscillates instantly 
(v) An LC circuit contains a 0.6 H inductor and 25 uF capacitor. What is the rate of change of 
the current (in A/s) when the charge on the capacitor is 3 X 10° C? 
(a) 2 (b) 4 
(c) 3 (d) 6 
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Answers 


l. 


2. 


(2) (d); In LC oscillator, the frequency is given as 
l 


LC 


(t) (c); An LC oscillator cannot be used to produce very low frequencies. 








(222) (d); The frequency of LC oscillator is given as @ = Ta 


If L is increased four times then, 


l l l 


J4LC LC 2” 

(wv) (d); When capacitor is connected to a dc source and then disconnected it gets charged and 
then it starts discharging through the inductor. When circuit is closed, the capacitor 
begins to discharge through the inductor causing current to flow. The energy of electric 
field between the capacitor plates has transferred to magnetic field. By Lenz’s law, this 
dying magnetic field induces on emf in the inductance in the same direction as current. 
Hence LC circuit sets up oscillations. 


(v) (a); For LC circuit, 


Electrostatic energy of capacitor = Magnetic energy of inductor 














Differentiate w.r.t. t 
l dq | dI 
— = — 7 (9J)— 
96 2D Gy = gheD a, 
foor 
C ET dt 
d_1 _ A 
dt LC  96x25x10° 
dI 
ta 


RESONANCE: 

An interesting characteristic of the series RLC circuit is the phenomenon of resonance. The 
phenomenon of resonance is common among systems that have a tendency to oscillate at a 
particular frequency. This frequency is called the system’s natural frequency. If such a system is 
driven by an energy source at a frequency that is near the natural frequency, the amplitude of 
oscillation is found to be large. A familiar example of this phenomenon is a child on a swing. The 
swing has a natural frequency for swinging back and forth like a pendulum. If the child pulls on 
the rope at regular intervals and the frequency of the pulls is almost the same as the frequency 
of swinging, the amplitude of the swinging will be large. 


Suppose a resistance R, inductance L and capacitance C are connected in series and fed by an 
alternating source of voltage V, the frequency of alternating current source be f. This series RLC 
circuit is said to be in resonance only if the frequency f of applied alternating source be such 
that the current flowing in circuit and voltage applied are in the same phase. At resonance in 
RLC series circuit impedance is minimum (e,Z = R). For an RLC circuit driven with voltage of 
amplitude V,, and angular frequency @, is given by 


l 
Oy = 


At resonant frequency, the current amplitude is maximum 


V 


l.e į = 
ia - 
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V = Vy sin ot 





(i) To reduce the resonant frequency in an LCR series circuit with a generator 
(a) the generator frequency should be reduced 


(b) another capacitor should be added in parallel to the first 
(c) the iron core of the inductor should be removed 
(d) dielectric in the capacitor should be removed C C 
(ii) The natural frequency of the circuit shown in fig. is — 
1 


1 
1) LC O an JOLe 








2 
(c) On J LC (d) none of these 


(iii) In an ac circuit the emf (e) and the current (2) at any instant are given respectively by 
e = Ey sin ot 
i = I, sin (ot — >) 


The average power in the circuit over one cycle of ac is 


Bal 
(a) Eol Eo 
(c) -5 sin > (d) Zo cos ġ 


(iv) An ac voltage is connected to two circuits as shown in fig., the current through resistance 
R in the circuit (I) and (II) atresonance respectively is 


R L C L 
Kaa nso 
(1) p (11) 

(a)OA,OA (b) ROA 
©) 0A, £ @ => 

R R’R 

(v) The resonant frequency œ, ofa series LCR circuit with L = 2 H, C = 32 uF and R = 10 Q is 

(a) 125 rad s (b) 130 rad s 
(c) 135 rad s (d) 140 rad s” 


Answers 


2. (2) (b); The resonant frequency of LCR series circuit is 


1 
y = — 
0 2myLC 
So, to reduce resonant frequency vọ,we either have to increase L or to C. To increase C, 
another capacitor must be connected in parallel with the first. 
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(t) (a); The two capacitors are in series and two inductors are also in series. 


3.03 La = eLend = 
O, Lys = = an C, C'T T 
C 

=> Coy 

Natural fr Phe Cee. = E _ 1 

atura requency o e CIrcull, 0 on TC ; e T =Z a Te 
(zzz) (d); Power = Rate of work done in one cycle T x 

W 

Eo 


( Eyl cos) 


av 


; T 
7 ‘. Work done in half cycle is W =(E To cos $) T 


E E,1, cos 


av 


2 


(wv) (b) In series LCR circuit, at resonance, Z = R 


So, 2 


series ~ 


V_V 
Z R 


In parallel LCR circuit, current in circuit 


l arallel lc ur 0 
p 
1 1 


1 
(v) (a); Resonant frequency, œ, = JIC = MEEF ma Tg * 10° =125 rad/s 


@,= 125 rad/s 


ASSERTION-REASON QUESTIONS 





In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). 
Choose the correct answer out of the following choices. 


Both A and R are true and R is the correct explanation of A. 
Both A and R are true but R is not the correct explanation of A. 
A is true but R is false. 

A is false and R is also false. 


(a) 
(b) 
(c) 
(d) 

1. 


Assertion (A) 
(R) 
Assertion (A) 
Reason (R) 
Assertion (A) 


Reason 


Reason (R) 
Assertion (A) 
(R) 
Assertion (A) 


(R) 


Reason 


Reason 


Assertion (A) : 
(R) : 


Reason 
Assertion (A) 


Reason 


: The quantity L/R possesses the dimension of time. 
(R) : 


: An alternating current of frequency 50 Hz becomes zero, 100 times in one second. 
: Alternating current changes direction and becomes zero twice in a cycle. 

: Capacitor serves as a block for DC and offers an easy path to AC. 

: Capacitive reactance is inversely proportional to frequency. 


: A capacitor of suitable capacitance can be used in an AC circuit in place of the 


choke coil. 


: A capacitor blocks DC and allows AC only. 

: An alternating current does not show any magnetic effect. 

: Alternating current does not vary with time. 

: In series LCR-circuit, the resonance occurs at one frequency only. [AIJMS 1998] 


: At resonance, the inductive reactance is equal and opposite to the capacitive 


reactance. 

220 V, 50 Hz appliance implies that emf across the appliance should be 220 V. 
Every appliance is specified with its peak Tolerable voltage. 

[AIIMS 2002] 


In order to reduce the rate of increase of current through a solenoid, we should 
increase the time constant. 
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8. Assertion (A) : Transformers are used only in alternating current source not in direct 
current. [AIIMS 2009] 


Reason (R) : Only a.c. can be stepped up or down by means of transformers. 


9. Assertion (A) : The possibility of an electric bulb fusing is higher at the time of switching ON 
and OFF. [AIIMS 2003] 


Reason (R) : Inductive effects produce a surge at the time of switch-OFF and switch-ON. 
10. Assertion (A) : Itis advantageous to transmit electric power at high voltage. [AIIMS 2010] 
Reason (R) : High voltage implies high current. 


Answers 
1. (a) 2. (a) 3. (b) 4. (d) 5. (a) 6. (c) 7. (b) 8. (a) 
9. (a) 10. (c). 
HINTS/SOLUTIONS OF RSS MCQs 
1. (b) I= l sinœt = J sin 21vi = 5V2 sin In x 50x =i = 5/2 sing = = 5y/2A 
2. (c) According to maximum power transfer theorer em, LX, = N 
_ ho _ 423 
a. (0) V__.= — = 300 V 


E 


4. (e) W=V2V, = vV2x220 =311V 
6. () wW =— = —— = 500 rad/s 


" VLC V¥8x0.5x10° 
7. (©) The voltmeter Sanaa to AC mains reads mean (< y? >) and is calibrated in such a way 
that it gives value of < yo >. 0? is peinpliee by firm factor to give rms value. 


8. (b) Resonant frequency, v = E °4 V JOE 
9) i os > ar " /LC 


Now, to reduce v, either we can increase L or C. 


So, to increase C, we e eis another capacitor parallel to the first. 


10. (d) P= En I, o a Oy cosh = I,cos® 
av rms ~ rms f2 /2 = Ey 0 


11. (d) For pure inductive circuit, 6 = 90°, cos d = 0, so P,,, = 0. 
12. (d) Wehave to transmit power over large distance at high alternating voltage, so, current flowing 
through the wires will be low. 


Here, P = E ms Lems: [rms 18 low When E 


rms ~ rms’ 


is high also power loss = I’ ms R = Low 


rms 


Now, at the receiving end high voltage is reduced by using step-down transformer. 





13 y=} 3 Xe 22 _ h _ se 100 _, 
. (c) C wc (Xc). OF 2m, f 50 
X s E > = 2.50 


15. (d) The plate with positive charge will be at higher potential and the plate with negative charge 
will be at lower potential. So, we can say that the charge is in phase with applied voltage. 


16. (d) Quality factor (Q) = L, / = for an L-C-R circuit, 
To make, Q is high, R should be low, L should be high and C should be low. 
17. (d) Average power dissipated in the circuit, 


av rms rms 
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p X 
P =E_ TI. cosġ= (Fo cos > 


18. 


19. 


20. 


21. 


22. 


24. 


25. 


26. 
Zi. 


30. 


33. 


oo. 


where, Z= VR? +x? = 44+ = /5Q and cosh = = 


6) 
then, p =x = =? ~isaw 
B 5 
124 1 
a) Poa Vsls > Lop 2 
_ _ 1 _ l 
fy = IgV2 = 9 XV2 =A 
(a) Power consumed: P = E ms ĉrms COS Q 
Ens | R . E R 
L= En (=s) 7 |- m and cos$ = 7 
2 
rms A2 a en 7 4R 


(d) Voltage across the inductor is 


V, =,/v? -VÈ = (100)? - (60)? = ¥10000- 3600 = /6400 = 80 V 


(b) We know that 


Z=,/R*+ (+) 
WC 


Now, Power = Vms tyms COS Ọ 
R 


r= Vest rms FA 
Now, as œ increase, Z decreases 


i.e., the bulb glows brighter (more power) 


À . A T 
(d) Power, „e = P = Eosin wt X tg sin( v5 ) 
P = Ei, sin wt . cos wi 
Le . . 
P = 5 Epto SIn (2 wt) [as sin 2@¢ = 2 sin of cos œt)] 
Hence, angular frequency of instantaneous power is [20]. 
(a) In electric furnace Cu and Fe is melted due to variation of current because current generates 


heat and electricity. 


l 
eo . 
(4) >= tam wCR 


1.2., 90° for maximum 








(d) Weak current flows through the transmission line, hence low power loss (I°R). 


L JL 
(c) Q factor = RVG 


Q factor can be improved by decreasing R. 
(b) When just open the switch, more quickly current changes gives higher the voltage in the circuit. 


xX a. o o 7G 
© X= AEO ~ 4 
Na 
(c) Given -~ 
E, N, 
Now, we know that —— = —— 
Ep Np 
Ep=0V 
Ns 3 
then E, =E PN, °*%g 9% 
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I N; 
p_-‘S a00 h 
36. (d) i, "N, = 500 4:5 
37. (a) At t= 0, 7 D energy is electrostatic & at t = Li. energy is totally magnetic. 
38. (d) V= V sin ot, I = h cos ot = L sin (cw! + 5) 
i.e., voltage lags behind the current by phase angle of 5 l 
41. (a) P= a - 5 x100 x 200x10” =10W 
43. (b) In DC supply, magnetic flux does not change, so emf not induced, t.e., E, = 0. 
200 
45. V =z 
(c) rms /2 
200 
V=Vv2V, =¥2xX—= = 200 V 
0 v2 rms y2 /2 
V = Vsin 2nvt = 200 sin(22x50x 2) = 200 sin = 200x 4 = 100 V 
47. (b) Time constant for RC circuit is given by t = RC => J5 will have the dimension of frequency. 
Similarly, time constant for a LR circuit is given by 
T= 7 => 4 will have dimension of frequency. 


50. (d 


51. (b) Soft iron because it reduces the hysteresis loss. 


Because p between current and emf is 45° in case of LCR circuit. 


— 


53. (d) For pure capacitor, = 90° 
Yolo 
2 


54. (b) 100 times as current is zero two times for one complete cycle. 





=—g cosh = cos 90°= 0 


av 


55. (d) P=E. 1. cosb=E. f cos(= 5) = 0 








rms = rms rms rms 
60. (b) X -1._4 Afo 
l C C  100x10® 
Vents () 
1 = 2 = a = 20 ma 

` Xo 10 

| BA l o2 1 

63. (a) tna when w = "To ora = TG 


64. (a) V=¥V,2 + V,2 = ¥(200)2 + (150)2 = 250 V 
65. (b) Z=VR?+(@L)Y = 410° + (1207 x 2)? = 753.6 Q 





V 120 
J= a2 SGA 
se n 
V, Mots 
66. (a) R=—* =~" = 1009, z = = = 2000 


dc rms 


Xz 10073 10073 
X, = VZ? - R? = (200? -100° = 10073 Q, p =e = A O _ gs 


70. (a) Now at resonance, V; = Ve = 300 V, then, Vp = 220 V 
V _ 220 


! = R T Too ~ 224A 
71. (b) Ti t TIE EAE, 
. (b) Time constant, t = R I0 S 
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12; 


Ta: 


14. 


LET 


76. 


ee 


78. 
79. 


(b) 


Equation of growth of current in RL-circuit is 
f=), [4-27 

Att =œ, =I, 

Adel b=- hla Tehea 








I E l 7 e? 
I, ie e- —] 
Charging current I = Ie -t/RC 
t E 
= log J=log, h -RC where J, = 7 
Clearly, the graph of log, J versus ¢ is a straight line of slope — = shown by dotted line. 


RC 
When R increases to 2R, J, decreases so value of log, J, decreases and slope becomes half. 
This is shown in P. 


_ EF _ 100 | 
= R= T0909 ~ 
Time constant 
-3 
== = OXD 1x10? s=1ms 


Current during discharging after time ż is 


NE E S a oe E i E RER. 
[= he = he — n+) ar A 





l , l 
o m i 
7 JLG 7 LE 
w=. implies LC = L'C’ 
TERIN ee E 
7 = a 
2 = @ E MO COS WÉ + to sin wt)” 
lims t} mean T 
= f; i? cos? wt + p is sin wt + p 21 lo SIN Wt COS Wt 
= i? x Rix PO 
i? uj : 
rms R 
e PECURE eee 
Pe V, 280 2 a 
In given figure current is leading applied voltage by 7 , so circuit may be RL or RLC circuit. 
Out of given circuits the possible circuit is RL circuit. 
Also tan ọ = sk 
tan45°=10E > R=100L 


PONE l . -ı (OL a : 
In RL circuit, the phase difference is tan (T) which is never a for finite values of L and R. 





V = 120 sin 100 mt cos 100 mt = 60 sin (2 X 100 zt) 
Maximum voltage = Və = 60 V 

0, _ 2007 O 
Frequency, f, = a r 100 Hz 
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80. (c) At resonance ?; = ic with a phase difference of n. Current in main circuit t = tç — tz; = 0, so 
ammeter Az reads zero. 


81. (a) Ve =Xcl = —__*+_____ 9x10 volt = 0-16 V 
2x3-14x2x10™ 
E 
0 _ 200 
82. (b) R=—=——=40Q 
I) 5 
In purely inductive circuit current lags behind the applied voltage by 7 
E 
_— 0 _ 200 _ 
o T, = 40 Q 


Impedance Z = ./ R° + X? = 40/20 
E 
r=- 200 i= 5 


0 Z 49/2 Jo 


I 
=L -95A 


I = 
rms /2 
83. (c) Phase lead of current over voltage 


b= 100 nr + — (1000-7) -Z _ gg 





6 6 3 
, f Pat Red R pê 
84. (¢) È = = = — = — 
( ) rms fat T.T 37° 
Tas 3 
5 y3 
|l l _ 
85. (a) V = mye © F and V, = (2nfL) a f 
86. (c) X. = À À W- 2x10°Q 


C C 100x0-50x10% 
V. =X, I =2x10fx1:5x10” = 30V 


87. (c) Current in circuit at resonance frequency 





V 100 
l= — = -~-A=0.1A 
KR 1x10° 
At resonance X; = Xc 
l l 
Voltage across L, V, = X, I = X- I = — I = —————— x0.l1 = 250 V 
4 ro ©" aw 900 x 2x10 
89. (c) i=ig(1-e ™ 5 
L=10H,R=50Q,t=2s 
. E 5 _ 
5R g Tla 


ila er] 
l JL 
90. (c) Q =y C 
The selectivity of a series LCR circuit can be increased by increasing the quality factor, t.e., 
when L is large and R is small. 


91. (d) At resonance, the circuit behaves as purely resistive and the phase difference between 
current and voltage in purely resistive circuit is zero. 
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BLUE PRINI-—1 


(FOR PRACTICE PAPER-01) 


Multiple Choice Case-based a oe 
Chapters Questions Questions aes È Total 
(1 Mark) (1 Mark) Setn 
(1 Mark) 
1. Electric Charge and Fields 5(5) — 1(1) 
2. Electrostatic potential and capacitance -> 4(4) 1(1) 17(17) 
3. Current electricity 5(5) — 1(1) 
4. Moving charges and magnetism 1(1) 4(4) 1(1) 
5. Magnetism and matter 3(3) — 1(1) 
18(18) 
6. Electromagnetic induction 3(3) — 1(1) 
7. Alternating current 3(3) — 1(1) 
Total 20(20) 8(8) 7(7) 35(35) 
BLUE PRINT-2 
y : Assertion- 
Multiple Choice Case-based R 
Chapters Questions Questions Dueioa Total 
(1 Mark) (1 Mark) (1 Mark) 
l1. Electric Charge and Fields — 4(4) 1(1) 
2. Electrostatic potential and capacitance W9) — 1(1) 17(17) 
3. Current electricity 5(5) — 1(1) 
4. Moving charges and magnetism 3(3) — 1(1) 
5. Magnetism and matter 1(1) 4(4) 1(1) 
18(18) 
6. Electromagnetic induction 3(3) — 1(1) 
7. Alternating current rel) — 1(1) 
Total 20(20) 8(8) 7(7) 35(35) 
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BLUE PRINT-3 


(FOR PRACTICE PAPER-03) 


Assertion- 
Reason 
Questions 
(1 Mark) 


Veeco 
e wt 
er l o o l o 
Supine a 

18(18) 
paasa o l o l o 


Note: 1. Number of question(s) is/are given in the brackets. 
2. Case-based Questions contain Multiple Choice Questions (MCQs). 
3. The above Blue Print is only a sample. Suitable internal variations may be made for generating 


similar Blue Prints keeping the overall weightage to different form of questions and typology of 
questions same. 


Multiple Choice Case-based 
Chapters Questions Questions 
(1 Mark) (1 Mark) 
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oo PRACTICE PAPER 





Time: 90 minutes Max. Marks: 35 


General Instructions: 


(2) 
(ii) 
(iii) 


(iv) 
(v) 


All questions are compulsory. 
There are 35 questions in all. 


This question paper contains Multiple Choice Questions (MCQs), Case-based MCQs and 
Assertion-Reason MCQs. 


Only one of the options in every question is correct. 


An OMR sheet of every practice paper is given. The candidate has to give his/her answer 
of the question by darkening the circle against that question. 


Question numbers 1 to 20 are multiple choice questions. Choose the correct option. 


i 


Which among the curves shown in figure possibly represent electrostatic field lines? 


(a) 





How many electrons must be removed from an electrically neutral metal plate to give it a 
positive charge of 1 X 10” coulomb? 

(a) 6.25 x 10" (b) 6.45 x 10°° 

(c) 6.25 x 10)! (d) 6.45 x 107° 

Two point charges A and B, having charges +q and -q respectively, are placed at certain 


distance apart and force acting between them is F. If 25% charge of A is transferred to B, then 
force between the charges becomes: 


OF 

(a) F (6) 76 
16F 4F 

e) = (d) > 
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4. A disc of radius a/4 having a uniformly distributed charge 6 C 


is placed in the XY plane with its centre at (-$ 0, 0) . A rod of 
length a carrying a uniformly distributed charge of 8 C is 


placed on X-axis from x= to cao. Two point charges 








4 4 
-7 C and 2 C are placed at & -7> 0) and (-, aa. 0) 
respectively. Consider a cubical surface formed by six surfaces 
x=+ a y=t PE z=+ 5 . The electric flux through the cubical 
surface is: 
2G. 2C 10C 12 œC 
@) ) = O E rs 


5. The -ve and +ve charges of a dipole of moment p are placed respectively at points -ia and 


+ia.If y >a, then the electric field intensity due to the dipole at the point located at jy, is 














p zj p p 
a b C d 
K 2E” a QTE, y” i” ATE” j ATE” 


6. The resistivity of iron is 1 X 10-’ ohm-meter. Thé resistance of the given wire of a particular 
thickness and length is 1 ohm. If the diameter and length of the wire both are doubled the 
resistivity will be (in ohm-meter) 

(a) 1 x107 (b) 2 x107 (c) 4 x107 (d) 8 x107 
7. A student connects 10 dry cells each of emf E and internal resistance r in series, but by 


mistake the one cell gets wrongly connected. Then net emf and net internal resistance of the 
combination will be 


(a) 8E, 8r (b) 8E, lOr (c) 10E, 10r (d) 8E, T 
8. When temperature of a metallic resistor is increased, the product of its resistivity and 
conductivity 
(a) decreases (b) remains constant 
(c) increases (d) may increase or decrease 


9. The potential difference between points A and B of adjoining figure is 


5Q 5Q 
A B 
2V 
5Q 9Q 
Q 
5 5 5Q : 
2 8 
(a) 3V (0) GV 
(c) =v (d) 2V 


10. ‘Two cells when connected in series are balanced on 8 m on a potentiometer. If the polarity of 
one of the cell is reversed, they balance on 2 m. The ratio of emf’s of the two cells is 


(a) 3:5 (b) 5:3 
(c) 3:4 (d) 4:3 
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I1. 


12. 


13. 


14. 


15. 


16. 


17: 


18. 


19. 


A rectangular coil ABCD is placed near a long straight current carrying straight wire as shown. 
What is the net force on the rectangular coil? 


D C 
2A 1A 1A |45 om 
A B 
2 cm 10 cm 
(a) 35 X 107” N, towards the wire (b) 35 X 107 N away from the wire 
(c) 25 X 107” N towards the wire (d) 25 X 107 N away from the wire 


Two wires of same length are shaped into a square and a circle. If they carry same current, 
ratio of magnetic moment is: 

(a) 2:7 (b) m:2 

(c) 4:7 (d) 7:4 

The magnetic induction at the centre of a circular loop of area 7 square metre is 0.1 T. The 
magnetic moment of the loop is (uo permeability of air) 


Q-1z 0-27 0-37 0-47 
@) O -i O Re @) i 














A magnet of magnetic moment m is cut into two equal parts. The two parts are placed 
perpendicular to each other so that their north poles touch each other. The resultant magnetic 


moment is: 
(e) V3 m d -7 


AEEA 
(a) (2m © 5 is 


A magnet is dropped with its north pole towards a closed circular coil placed on a table then 
(a) looking from above, the induced current in the coil will be anti-clockwise. 

(b) the magnet will fall with uniform acceleration. 

(c) as the magnet falls, its acceleration will be reduced. 

(d) no current will be induced in the coil. 


The magnetic flux linked with a coil at any instant t is = (6t? — 8t + 5) Wb, the emf induced 
in the coil at t = 2 second is 


(a) +24 V (b) +16 V 
(c) -16 V (d) -24 V 
A conducting circular ring is placed in a uniform magnetic field B with its plane perpendicular 
to the field. The radius of the ring starts shrinking at the rate (da/dt). Then induced emf at the 
instant when the radius is 4 is 
(a) na’ (dB/dt) (b) 27 aB(da/dt) 
(c) (n a*/2)° B(da/dt) (d) n aB(da/dt) 
In a LCR circuit, the voltage across each of the components of L, C and R is 50 V. The voltage 
across LC combination will be: 
(a) 50 V (b) 50/2 V (c) 100 V (d) OV 
In an ac circuit, voltage V and current i are given by 
V = 100 sin 100 ¢ volt 
i = 100 sin (100¢ + 7/3) mA 
The power dissipated in the circuit is 


(a) 10* W (b) 10 W (c) 2.5 W d) 5W. 
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20. The figure shows variation of R, X; and Xç with frequency f in a 
series LCR circuit. Then for what frequency point, the circuit is 


inductive. 
(a) C (b) B 
(c) A (d) A and B 





Case-based Question-I : Electrostatic Shielding 


The phenomenon of making a region free from 






Gaussian 


any electric field is called electrostatic shielding or + 
+ Surface 


electrostatic screening. It is based on the fact that electric 
field becomes zero inside the cavity of hollow conductor. 
In the hollow conductor charges are distributed on the 
surface of conductor. Such a field free region is also 
called a Faraday cage. Such a cage can block the effects 
of an external field on its internal contents, or the effects 
of an internal field on the outside environment. Inside 
the Faraday cage, electric field is always zero. Even if the 


E 


conductor is charged or charges are induced on a neutral 
conductor by an external field, all changes reside only on the outer surface of the conductor. Hence, any 
cavity of any shape and size is always shielded from outer electric field region. 


21. Ina region of constant potential 
(a) the electric field is uniform (b) the electric field is zero 
(c) there can be no charge inside the region (d) both (b) and (c) 

22. Inthe case of a charged metallic sphere, potential (V) changes with respect to distance (r) form 
the centre as 


(a) vl b) vi | 
r => r => 
k S i `” 
r => 
— 
23. The work done in carrying a charge Q once round a circle of radius r with charge q at the 
centre of the circle is 


1 Q Q.q 
E (b) 








(a) 


ANE, 4ANE,1 
Q4 
(c) Op, (d) zero 


24. At a point A, there is an electric field of 500 V/m and potential difference of 3000 V. 
The distance between the point charge and A is 
(a)6m (b) 36m 
(c) 12m (d) 144m 
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Case-based Question-II : Helical Motion of Charge 


We have studied in earlier classes (in mechanics) that a force on a particle does work if the force has 
a component along or opposite to the direction of the particle. In the case of motion of a charge in a 
magnetic field, the magnetic force is perpendicular to the velocity of the charge particle. So no work is 
done and no change in the magnitude or the a may is produced. 


In par ticle will describe a circle if D and B are perpendicular to each other. The perpendicular 
force,qu X B acts as a centripetal force and produces a circular motion perpendicular to the magnetic 


field. 


If velocity has a component along B , this component remains unchanged as the motion along the 
magnetic field will not be affected by the magnetic field. The motion in a plane perpendicular to B isas 
before a circular one, thereby producing a helical motion. 


Circular Path 





X x U U x x vsin 6 
UL 
X X X X xX X 
X X X X X X 6 
Uy 
X X X X 
U 
X X X X X X : b - a B 
X X X X X X X X >: 


vu COS 0 


25. A charged particle moves through a magnetic field perpendicular to its direction. Then 
(a) 
(b) the momentum changes but the kinetic energy is constant 
(c) 


(d) both kinetic energy and momentum of the particle are not constant 


the kinetic energy changes but the momentum is constant 


both kinetic energy and momentum of the particle are constant 


26. The time period of a charged particle undergoing a circular motion in a uniform magnetic 
field is independent of its 


(a) mass (b) charge 
(c) magnetic induction (d) speed 
27. A charge particle enters through a magnetic field B with its initial velocity making angle of 
45° with B,. The path of the particle will be 
(a) a circle (b) an ellipse 
(c) a helical (d) a straight line 
28. An electron is travelling along the X-direction. It encounters a magnetic field in the Y-direction. 
Its subsequent motion will be 
(a) a circle in the XY-plane (b) a circle in the YZ-plane 
(c) acircle in the XZ-plane (d) straight line along the X-direction 


For question numbers 29 to 35, two statements are given-one labelled Assertion (A) and the other 
labelled Reason (R). Select the correct answer to these questions from the codes (a), (b), (c) and (d) 
as given below. 


(a) Both A and R are true and R 1s the correct explanation of A. 

(b) Both A and R are true but R is not the correct explanation of A. 
(c) A is true but R is false. 

(d) A is false and R is also false. 
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29. 


30. 


ai. 


32. 


33. 


34. 


35. 


Assertion (A) 


Reason 


(R) 


Assertion (A) 


Reason 


(R) 


Assertion (A) 


Reason 


(R) 


Assertion (A) 


Reason 


(R) 


Assertion (A) 


Reason 


(R) 


Assertion (A) 


Reason 


(R) 


Assertion (A) 


Reason 


(R) 


Electrostatic field lines start at positive charges and end at negative charges. 
Field lines are continuous curves without any breaks and they form closed loop. 
The capacitance of a conductor does not depend on the charge given to it. 

The capacitance ofa conductor depends only on geometry and size of conductor. 


The drift velocity of electrons in a metallic conductor decreases with rise of 
temperature of conductor. 

On increasing temperature, the collision of electrons with lattice ions increases; 
this hinders the drift of electrons. 

A galvanometer can be used as an ammeter to measure the current across a 
given section of the circuit. 

For this it must be connected in series with the circuit. 

When a bar magnet is freely suspended, it points in the north-south direction. 
The earth behaves as a magnet with the magnetic field pointing approximately 
from the geographic south to north. 

Two identical co-axial circular coils carry equal currents 


circulating in same direction. If coils approach each other, 
the current in each coil decreases. I I 


When coils approach each other, the magnetic flux linked 

with each coil increases. According to Lenz’s law, the 

induced current in each coil will oppose the increase in magnetic flux, hence, 
the current in each coil will decrease. 

When capacitive reactance is smaller than the inductive reactance in LCR circuit, 
emf leads the current. 


The phase angle is the angle between the alternating emf and alternating current 
of the circuit. 
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(2 Taye: 


Time: 90 minutes Max. Marks: 35 


General Instructions: Same as Practice Paper—O1. 


Questions 1 to 20 are multiple choice questions. Choose the correct option. 


1. The variation potential V with r and electric field E with r for a point charge is correctly shown 


in the graphs. 


(a) 


V or E => 
(in units) 
G 
VARE ——> 
(in units) 


V or E => 
(in units) 
< < 
m 
x ma 
| m | 
& 
V or E == 
(in units) 


(c) 


2 A 


2. Four point charges - Q, — q, 2q and 2Q are placed, one at each corner of the square. The 
relation between Q and q for which the potential at the centre of the square is zero is 


l l 
(4) Q=51 (6) Q = -q ca eps a) Q =q 


3. Three capacitors of capacitance 1uF, 2 uF and 3 uF are connected in series and a p.d. of 11 V 
is applied across the combination. Then, the p.d. across the plates of 1 uF capacitor is 
(a) 2 V (b) 4V (c) 1V (d) 6V 


4. The potential at the centre of the square is 


+q -q 


+q<—— a —— -1 


kq kq kq 
(¢) = (d) —> 
ay2 a 2a 
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(a) zero (b) 


10. 


11. 


12. 


13. 


Two conducting spheres A and B of radii a and b respectively are at the same potential. The 
ratio of surface charge densities of A and B is 

b a a b° 
a) 7 (0) > (c) rc (d) 72 
A cell of internal resistance 3 ohm and emf 10 volt is connected to a uniform wire of length 
500 cm and resistance 3 ohm. The potential gradient in the wire is 


(a) 30 mV/cm (b) 10 mV/cm (c) 20 mV/cm (d) 4mV/cm 

The voltage V and current J graph for a conductor at two different T, 
temperatures T, and T, are shown in the figure. The relation between f 

T, and T, is V T2 
(a) Ti > To (P) Lra 

(c) 1) = I} (d) Ti < To = 


The power dissipated in the circuit shown in the figure is 30 watts. The 


value of R is 
R 


10 V 
(a) 202 b) 15Q (c) 102 (d) 302 


For a cell of emf 2 V, a balance is obtained for 50 cm of the potentiometer wire. If the cell 
is shunted by a 2 Q resistor and the balance is obtained across 40 cm of the wire, then the 
internal resistance of the cell is 


(a) 12 (b) 0.5 Q (c) 1.22 (d) 2.5 


In a metre bridge experiment, resistance box (with R = 2 ©) is connected in the left gap and 
the unknown resistance S in the right gap. If balancing length be 40 cm, calculate value of S. 


(a) 22 (b) 3 (c) 42 d) 2.5 


Two thin, long parallel wires, separated by a distance (d) carry a current of (i) in the same 
direction. They will 


(a) repel each other with a force of moi”, (27 d) 
(b 
(c 


(d) attract each other with a force of 1) i?/(2n d°) 


) attract each other with a force of u) i?/(2r d) 

) repel each other with a force of Hgt" (27 d’) 

A 100 turns coil shown in the figure carries a current of 2 A in a 
magnetic field of 0.2 Wb-m™. The torque acting on the coil is 

(a) 0.32 N-m tending to rotate the side AC out of the page 

(b) 0.32 N-m tending to rotate the side AC into the page 

(c) 0.64 N-m tending to rotate the side AC out of the page 

(d) 0.64 N-m tending to rotate the side AC into the page 


>| 8cm ke 


10 cm 





Current sensitivity of a moving coil galvanometer is 5 div/mA and its voltage sensitivity 
(angular deflection per unit voltage applied) is 20 div/V. The resistance of the galvanometer 
is 


(a) 402 (b) 25Q (c) 250 Q (d) 500 Q 


166] Physics-XII: Term-1 WWW.JEEBOOKS.IN 


14. 


l5. 


16. 


17. 


18. 


19. 


20. 


A bar magnet of moment 10 Am’ is cut into two equal halves perpendicular to its length. The 
magnetic moment of each half in Am? will be 


(a) 20 (b) 5 (c) 10 


The fig. shows certain wire segments joined together to form a 
coplanar loop. The loop is placed on a perpendicular magnetic x 
field in the direction going into the plane of the figure. The 





magnitude of the field increases with time. J, and J, are currents x 
in the segments ab and cd. Then x 
(a) I, > Iz 7 
b) I, <I, 


) 
(c) 


(d) I, is in the direction ab and Ig is in the direction cd. 


I in the direction ba and Js is in the direction cd 


A coil having an area A, is placed in a magnetic field which changes from Bp to 4B, in a time 
interval t. The emf induced in the coil will be 
3A, Bo ; 4A, Bo 3B) , 4B, 


Mutual inductance between two circuits does not depend.on 








(a) number of turns in both the coils. 
(b) area of both the coils. 
(c) permeability of the cores of the coils and permeability of the separating medium. 


(d) permittivity of the cores of the coils and permittivity of the separating medium. 


The r.m.s. voltage of the wave form shown is 


V 
+10 
0 t 
—10 
(a) 6.37 V (b) 12 V (c) 10 V (d) 7V 


4 
Reactance of a capacitor of capacitance C for an alternating current of frequency “ Hz is 
25 Q. The value of C is 


(a) 25 uF (b) 50 uF (c) 75 uF (d) 100 uF 


Which are of the following plots may represent the reactance (X) = Xç — X, of a series LC 
combination? 


t y 
(a) a (b) 
O fr {— 
t k 
(c) , (d) ; 
eS O f—> 


O 
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Case-based Question-I : FRICTIONAL ELECTRICITY: INDUCTION 


The easiest way to experience electric charge is to rub certain solid bodies against each other. Long 
ago, around 600 BC, the Greeks knew that when amber is rubbed with wool, it acquires the property of 
attracting light objects such as small pieces of paper. This is because amber becomes electrically charged. 
If we pass a comb through dry hair, the comb becomes electrically charged and can attract small pieces of 
paper. An automobile becomes charged when it travels through the air. A paper sheet becomes charged 
when it passes through a printing machine. A gramophone record becomes charged when cleaned with 


a dry cloth. 


The explanation of appearance of electric charge on rubbing is simple. All material bodies contain 
large number of electrons and equal number of protons in their normal state. When rubbed against 
each other, some electrons from one body may pass on to the other body. The body that receives the 
extra electrons becomes negatively charged and the body that donates the electrons becomes positively 
charged because it has more protons than electrons. Thus, when a glass rod is rubbed with a silk cloth, 
electrons are transferred from the glass rod to the silk cloth. The glass rod becomes positively charged 
and the silk cloth becomes negatively charged. 





Ebonite 
Two charged rods Two charged rods 
of same sign of opposite sign 


21. Charge Q is distributed to two different metallic spheres having radii R and 2R such that both 


spheres have equal surface charge density. Then charge on larger sphere is 


42 SQ 


@) = 0) = 
5 
© a) $ 


22. A large non-conducting sheet S is given a uniform charge density. Two uncharged small metal 
rods A and B are kept near the sheet as shown in figure. Which of the following is true? 


A B 
=+ 
C 
AE ~ ~- - -> 
m 
A 
=+ 
(a) S attract A (b) S attracts B 
(c) A attracts B (d) All of the above 
23. Charge on a body which carries 300 excess electrons is 
(a) -4.8 x 108 C (b) 4.8 x 10'8C 
(c) -4.8x 1077 C (d) 4.8 x 101" C 


168] Physics—XIl: Term-1 WWW.JEEBOOKS.IN 


24. Which of the following cannot be true about properties of charge? 


(a) Charges can be created or destroyed in equal and unlike pairs only. 
(b) 
(c) 
( 


d) It is not possible to create or destroy net charge carried by an isolated system. 


Proper sign have to be used while adding the charges in a system. 


Excess of electrons over protons in a body is responsible for positive charge of the body. 


Case-based Question-II : MAGNETIC MOMENT 


25. 


26. 


27. 


28. 






The magnetic moment is the magnetic x 
strength and orientation ofa magnet or 

other object that produces a magnetic 

field. They include; loops of electric v 
current, moving elementary particles ““ N S / 
such as electrons, various molecules SU 
and many astronomical objects such SA 
as many planets, some moons, star 4 SETHE 
etc. More precisely the term magnetic STEEF E 
moment normally refers to a system’s SPT ererert ep 
magnetic dipole moment, the & Ss 
component of the magnetic dipole; A i TA uy 
a magnetic north and south pole / 
separated by a very small distance. y 


The magnetic dipole components is 
sufficient for small enough magnets or Magnetic field lines of a solenoid 
for large enough distances. 


A current carrying loop suspended to move freely, always stays along a fixed direction, the plane 
of loop staying perpendicular to north-south direction just like a bar magnet. Moreover the two 
current loops when brought close together attract or repel each other depending on the direction 
of current just as two bar magnets when brought close together repel when their north poles face 
each other and attract when north pole of one magnet faces the south pole of the other magnet. 


The bar magnet is replaced by a solenoid of cross sectional area 2 x 10% m? and 1000 turns, 
but same magnetic moment (0.4 Am’) then current through the solenoid is 








(a)l A (b) 2 A 
(c) 3A (d) 4A 
The magnetic moment of a current (I) carrying circular coil of radius (r) varies as 
i l 
(a) > 0) > 
(c) r (d) 
The ratio of magnetic length to the geometrical length of a bar magnet is 
5 6 
(a) 5 (6) 5 
7 6 
© = (d) = 
A current carrying conductor of length 44 cm turns into circular loop. It carries 1 A current 
around circular path. The dipole moment generated in the loop is | take z = us | 
(a) 150 Acm* (b) 152 Acm* 
(c) 154 Acm* (d) 156 Acm* 
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For question numbers 29 to 35, two statements are given-one labelled Assertion (A) and the other 
labelled Reason (R). Select the correct answer to these questions from the codes (a), (b), (c) and (d) 
as given below. 


Both A and R are true and R is the correct explanation of A. 
Both A and R are true but R is not the correct explanation of A. 
A is true but R is false. 

A is false and R 1s also false. 


(a) 
(b) 
(c) 
(d) 


29. 


30. 


31. 


32. 


oo; 


34. 


35. 
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Assertion (A) : 


Reason (R): 
Assertion (A) 
Reason (R): 
Assertion (A) 
Reason (R) 
Assertion (A) 
Reason (R): 
Assertion (A) 
Reason (R): 


Assertion (A) : 


Reason (R): 
Assertion (A) 
Reason (R) 


If a proton and an electron a replaced in the same uniform electric field, they 
experience different acceleration. 


Electric force on a test charge is independent of its mass. 


: The potential of earth is assumed zero. 


Earth is insulator and so earth can not hold any charge. 


: The resistance of a given mass of copper wire is inversely proportional to the 


square of length. 


: When a copper wire of given mass is stretched to increase its length, its cross- 


sectional area also increases. 


: An electron moving along the direction of magnetic field experiences no force. 


The force on electron moving along the direction of magnetic field is 


F = quB sin 0° = 


: A current carrying coil is equivalent to a magnetic dipole having dipole moment 


NIA. 

A current carrying loop is equivalent to a bar magnet. 

If current changes through a circuit, eddy currents are induced in nearby iron 
piece: 

Due to change of current, the magnetic flux through iron piece changes, so 
eddy currents are induced in iron piece. 


; An inductance and a resistance are connected in series with an AC circuit. In this 


circuit the current and the potential difference across the resistance lags behind 
potential difference across the inductance by an angle 77/2. 


: In LR circuit voltage leads the current by phase angle which depends on the 


value of inductance and resistance both. 
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Ge fe PRACTICE PAPER 


Time: 90 Minutes Max. Marks: 35 


General Instructions: Same as Practice Paper—O1. 


Questions 1 to 20 are multiple choice questions. Choose the correct option. 


1. Four charges + 8Q, - 3Q + 5Q and -10Q are kept inside a closed surface. What will be the 
outgoing flux through the surface? 
(a) 26 V-m (b) 0 V-m (c) 10 V-m (d) 8 V-m 


2. Due to the presence of a point charge at the centre of a spherical Gaussian surface of diameter 
a, 10° Nm*/C amount of electric flux passes through it. Keeping the point charge at the centre, 
the Gaussian surface is changed to a cubical Gaussian surface of side a. The flux through the 
new Gaussian surface will be 


(a) ¥2 X10°Nm7/C_ (b) uN /C (c) 10° Nm? /C (d) 2/2 x 10° Nm?/C 


3. The figure shows the electric lines of force emerging from a charged body. If the electric fields 
at A and B are E, and Ep respectively and if the distance between A and B is r, then 


Actes src ese cee B 
$< 
(a) Ea < Ep (b) Ey > Eg 
E E 
C) EIAN (d) E=- 


4. An_electric dipole is situated in an electric field as shown in Fig. (a). The dipole and the 
electric field are both in the plane of the paper. The dipole is rotated anticlockwise about an 
axis perpendicular to the plane of the paper at the point A. If the angle of rotation is measured 
with respect to the direction of the electric field, then the torque experienced by the dipole for 
different values of the angle of rotation 0 will be represented in the Fig. (b) by 





(a) curve 1 (b) curve 2 (c) curve 3 (d) curve 4 
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10. 


11. 


Three charges — q1, + go and — q; are placed as shown in figure. The x component of the force 


on — q; is proportional to 
qı 1S prop ~q, y 





X 
f2 _ 8 qo f3 
+—cos 0 b) —>-— sin 0 

(a) 72 2 z COS (b) be ae 
(c) = 7 cos ð (d) 7s + 3 > sin 0 
The shape of equipotential surface in uniform electric field will be 
(a) spherical normal to electric field (b) random. 
(c) circular normal to electric field (d) equidistant planes normal to electric field 


The potential at a point x (measured in um) due to some charges situated on the x-axis is given by 





20 
V(x) = volt 
=z 7 
The electric field E at x = 4 um is given by 
(a) 5 viem and is in positive x-direction. (b) H V/um and is in negative x-axis. 
(ey =e + Vum and is in positive x-direction. (d) 3 Bm and is in negative x-direction. 


ee point charges — Q, - q and 2Q are placed, one at each corner of the equilateral triangle. 
The relation between Q and q for which the potential at the centre of the triangle is zero is 


(a) Q=54 (6) 2-@ (c) Q=-51 a) Q =q 


The equivalent capacitance of two capacitors when joined in parallel is 16 uF and when joined 
in series is 3 uF. The capacitances of the capacitors are 

(a) 8 uF and 8 uF (b) 4 uF and 12 uF 

(c) 6 uF and 10 uE (d) 2 uF and 14 uF 


In the circuit shown in the figure, the potential difference across the 4.5 uF capacitor is 


3 uF 
4.5 uF 
6 uF 
12 V 
(a) 8 V (b) 6V (c) By (d) 8/3 V 


In the given current distribution what is the value of I ? 


4A 
i 2A 
P 3A 
(a) 3A (b) 8A (c) 2A (d) 5A 
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12. 


13. 


14. 


15. 


16. 


Li. 


18. 


19. 


20. 


A group of n cells whose emf varies directly with the internal resistance as per equation 
E, = 1.5 r, are connected as shown in fig. The current J in the circuit is 


3 





(a) 1.5 A (b) 0.15 A (c) 5.1A (d) 0.51 A 

Assume that each atom of copper contributes one free electron. If the current flowing through 
a copper wire of 1 mm diameter is 1.1 A, the drift velocity of electrons will be 

(Density of Cu = 9 x 10° kg /m°, At. wt. of Cu = 63, Avogadro number = 6.02 Xx 10°°/kg-atom). 
(a) 0.3 mm/s (b) 0.5 mm/s (c) 0.1 mm/s (d) 0.2 mm/s 

Two identical batteries each of emf 2 V and internal resistance 1 © are available to produce 


heat in a resistance R = 0.5 ©, by passing current through it. The maximum Joulean power 
that can be developed across R using these batteries is 


(a) z W (b) 1.28 W (c) 2.0 W (d) 3.2 W 


The magnetic force acting on a charged particle of charge -3uC moving with velocity 
(2i = 4j ) x10 ms” ina magnetic field of 6 T directed in y-direction is 

(a) 44 N in z-direction (b) 36 N in y-direction 

(c) 48 N in z-direction (d) 36 N in negative z-direction 

A rectangular coil of length 0.12 m and width 0.1 m having 50 turns of wire is suspended 
vertically in a uniform magnetic field of strength 0.2 Weber/m’. The coil carries a current of 2 
A. If the plane of the coil is inclined at an angle of 30° with the direction of the field, the torque 
required to keep the coil in stable equilibrium will be 

(a) 0.24 Nm (b) 0.12 Nm (c) 0.15 Nm (d) 0.20 Nm 

Currents of 10 A and 2 A are flowing in opposite directions through two parallel wires A and B 
respectively. If the wire A is infinitely long and wire B is 2 m long, then force on wire B which 
is situated at 10 cm from A, is 

(a) 4x 10°N (b) 8X 10° N (c) 6X 10°N (d)2x10°N 

The vertical component of earth’s magnetic field is zero at 

(a) magnetic poles (b) geographical poles 

(c) every place (d) magnetic equator 


A bar magnet of magnetic moment m is cut into two parts of equal length. The magnetic 
moment of either part is 

(a) m (b) 2m (c) m/?2 (d) zero 

As shown in figure, P and Q are two co-axial conducting 
loops separated by some distance. When switch S is closed, 
a clockwise current Ip flows in P (as seen by eye E) and an 
induced current J : flows in Q. The switch S remains closed 


Q 


for a long time. When S is opened, a current Ig flows in Q. 
2 


Then the directions of (as seen by eye E) are: 
(a) respectively clockwise and anticlockwise 


(b) both clockwise 


(c) both anticlockwise 





(d) respectively anticlockwise and clockwise 
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Case-based Question-I : MOTIONAL EMF FROM FARADAY’S LAW 


The Faraday’s law of induction is basic law of electromagnetism predicting how a magnetic field will 
interact with an electric circuit to produce an electromotive force (emf). Emf is induced by change of 
area of the coil linked with the magnetic field. The emf induced across the ends of a conductor due to its 
motion in a magnetic field is called motional emf. As shown in figure, consider a conductor PQ of length 
l free to move on U-shaped conducting rails situated in a uniform and time independent magnetic 
field B, directed normally into the plane of paper. The conductor PQ is moved inwards with a speed v. 
As the conductor slides towards left, the area of the rectangular loop PORS decreases. This decreases 
the magnetic flux linked with the closed loop. Hence an emf is set up across the ends of conductor PQ 
because of which an induced current flows in the circuit along the path PORS. The direction of induced 
current can be determined by using Fleming’s right hand rule. 


| ' 
x 
l 
x 
x 
R 


21. The current passing through a choke of self inductance 5 H is decreased at the rate of 2 A/s. 
The induced emf developed across the coil is 
(a) 10 V (b) -10 V 
(c) 2:3 V (d) -2.5 V 


22. A 50 cm long bar PQ is moved with a speed of 4 m/s in a uniform magnetic field 
B = 0.01 T as shown in fig., the emf generated is 








(a) 0.04 V (b) 0.03 V 
(c) 0.02 V (d) 0.01 V 


23. A copper rod of length (/) is rotated about the end perpendicular to the uniform magnetic field 
(B) with constant angular velocity (œ). The induced emf between the two ends is 


1,3 nee 
(a) q Bul (b) 9 POL 
(c) Bol? (d) 2Bul* 


24. The magnetic flux linked with a coil (in Wb) is given by the equation, b = 5t° + 3t + 16. 


The induced emf in the coil in the fourth second will be 
(a) 10 V (b) -10 V 
(c) 43 V (d) -43 V 
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Case-based Question-II : TRANSFORMER 


Electromagnetic induction, the principle of the operation 
of the transformer, was discovered independently by Michael 
Faraday in 1831 and Joseph Henry in 1832. Only Faraday 
furthered his experiments to the point of working out the 
equation describing the relationship between emf and magnetic 
flux now known as Faraday’s law of induction. 

db ao 


1.€., e=- N- lel= N 7k 





where |e] is the magnitude of emf in volts and is the 
magnetic flux through the circuit in webers. A transformer is a 
static passive electrical device that transfers electrical energy from 
one electrical circuit to another, or multiple circuits. A varying 
current in any one coil of the transformer produces a varying 
magnetic flux in transformers core, which induces a varying emf 





across any other coils wound around the same core. 


25. 


26. 


21. 


28. 


A transformer is an electrical device used for 


(a) producing alternate current (b) producing direct current 
(c) changing ac voltages (d) changing dc into ac 

For step down transformer, conditions are 

(a) iç > tpand Ns < Np (b) ts < ip and Ns > Np 

(c) ts = ip and Ns = Np (d) none of these 


A transformer has 20 turns of primary and 100 turns of secondary coil. If the two ends of the 


primary are connected to a 220 V dc supply the voltage across the secondary will be 
(a) OV (b) 11 V 
(c) 220 V (d) 1100 V 


A step up transformer is used in a 120 V line to provide a potential difference of 2400 V. If the 
primary coil has 75 turns, the number of turns in the secondary coil is 


(a) 150 (b) 1200 
(c) 1500 (d) 1575 


For question numbers 29 to 35, two statements are given-one labelled Assertion (A) and the other 
labelled Reason (R). Select the correct answer to these questions from the codes (a), (b), (c) and (d) 
as given below. 


(a) 
(b) 


Both A and R are true and R is the correct explanation of A. 
Both A and R are true but R is not the correct explanation of A. 


(c) A is true but R is false. 
(d) A is false and R is also false. 


29. 


30. 


Assertion (A) : Coulomb force and gravitational force follow the same inverse-square law. 
Reason (R) : Both laws are same in all aspects. 
Assertion (A) : The surface of a conductor is always an equipotential surface. 


Reason (R) : A conductor contains free electrons which can move freely to equalise the 
potential. 
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Si 


Ja, 


aos 


34. 


39, 


Assertion (A) 
Reason (R) 
Assertion (A) 


Reason (R): 


Assertion (A) 
Reason (R) 


Assertion (A) : 
Reason (R): 


Assertion (A) : 


Reason (R) 


: Material used in construction of a standard resistance is constantan. 
: The temperature coefficient of resistance of constantan is negligible. 


: Two parallel conducting wires carrying currents in same direction, come close to 


each other. 


Parallel currents attract and anti parallel currents repel. 


: The magnetic field lines do not intersect. 


: The tangent to the magnetic field line at a given point represents the direction 


of the net magnetic field B at the point. 
Only a change of magnetic flux will maintain an induced current in the coil. 


The presence of a large magnetic flux will maintain an induced current in the 
coil. 


In series LCR resonance circuit, the impedance is equal to the ohmic resistance. 


: At resonance, the inductive reactance exceeds the capacitive reactance. 
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176] Physics-XII: Term-1 WWW.JEEBOOKS.IN 





OMR SHEETS 


FOR 


PRACTICE PAPERS 
1,2&3 





PRACTICE PAPER-1 SIDE-1 


GENERAL INSTRUCTIONS FOR CANDIDATES 


T 
2. 


Roll Number 
mfigues [6|1/0|1/ 2/34 


Roll Number SIXTY ONE LAKH ONE THOUSAND TWO 
in words HUNDRED THIRTY FOUR 





Use Blue/Black Ball Point only to write on this Answer Sheet. Use of Pencil is strictly prohibited. 


The candidate should check carefully that the Test Booklet Code on SIDE-2 of the ANSWER SHEET is the same 
as printed on Test Booklet. In case of discrepancy, the candidate should immediately report the matter to the 
invigilator for replacement of both the Test Booklet and the Answer Sheet. 


Do not use white/correction fluid on this Answer Sheet. 


Overwriting, Cutting and Erasing on the Answer Sheet is not allowed. Do not make any stray mark on the Answer 
Sheet. 


Rough work must not be done on this Answer Sheet. Use last page of the Test Booklet for rough work. 
Use English Numbers/letters only to write on SIDE-2 of the Answer Sheet 


Write Centre Number, Roll Number, Test Booklet Number (as given on top left hand side comer of the Test 
Booklet) on the Answer Sheet as shown in the example. 

Candidates should write his/her name in CAPITAL LETTERS as given in Admit Card in the space earmarked 
for Candidate’s Name. Each letter should be written in one box as shown below. One box should be left blank 
between each part of the name. 


Candidate’s Name : RAJ KUMAR SHARMA 





R|A|J| |K|U|M/A/R| |S/H/A|R|M/Aye | 


(i) Darken the complete circle. A light or faintly darkened circle is liable to be rejected by the optical scanner. 


(ii) Darken only one circle for response against each question. The response once marked is not liable to be 
changed. More than one response indicated against a question will be deemed as incorrect response. 


(ili) If the candidate does not want to attempt any question, he/she should not darken the circle against that 
question. 


(iv) For the purpose of evaluation, the Test Booklet Code as printed in the Answer Sheet on SIDE-2 will be 
accepted as final. 


(v) Way of marking: If your response for question number 3 is a, darken as shown in correct method: 


EXAMPLE-HOW TO FILL SIDE-2 CORRECT METHOD 


If your Centre Number is 2009, If your Text Booklet 
write as Number is 056789 


write as 


Centre Number 2jojojo| — WRONG METHOD 


5|6|7|/s|9 
If your Roll Number is 6101234, ojs 


write as 


d 


PRACTICE PAPER-1 E s2 B 





ANSWER SHEET NUMBER 


ANSWER SHEET D 


Use English Numbers/letters only. Use Blue/Black Ball Point Pen to write in box. 


in figures 
IMPORTANT 


Roll Number 

in words 
The Candidate should check that the Test Booklet Code printed on the Answer Sheet is the same as 
printed on the Test Booklet. In case of discrepancy, the candidate should immediately report the matter 
to the invigilator for replacement of both the Test Booklet and the Answer Sheet. 











Candidate's Name in CAPITAL letters as given in Admit Card 


Darken only one circle for each question. 


Response Q. No. Response . No. Response 


(r) 
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Signature of Candidate (in running hand) Signature of Invigilator 


Before handing over the Answer Sheet to the invigilator, the candidate should check that Centre Number, 
Roll Number, Test Booklet Number and Candidate’s Name have been filled in correctly. 





PRACTICE PAPER-2 SIDE-1 


GENERAL INSTRUCTIONS FOR CANDIDATES 


T 
2. 


Roll Number 
mfigues [6|1/0|1/ 2/34 


Roll Number SIXTY ONE LAKH ONE THOUSAND TWO 
in words HUNDRED THIRTY FOUR 





Use Blue/Black Ball Point only to write on this Answer Sheet. Use of Pencil is strictly prohibited. 


The candidate should check carefully that the Test Booklet Code on SIDE-2 of the ANSWER SHEET is the same 
as printed on Test Booklet. In case of discrepancy, the candidate should immediately report the matter to the 
invigilator for replacement of both the Test Booklet and the Answer Sheet. 


Do not use white/correction fluid on this Answer Sheet. 


Overwriting, Cutting and Erasing on the Answer Sheet is not allowed. Do not make any stray mark on the Answer 
Sheet. 


Rough work must not be done on this Answer Sheet. Use last page of the Test Booklet for rough work. 
Use English Numbers/letters only to write on SIDE-2 of the Answer Sheet 


Write Centre Number, Roll Number, Test Booklet Number (as given on top left hand side comer of the Test 
Booklet) on the Answer Sheet as shown in the example. 

Candidates should write his/her name in CAPITAL LETTERS as given in Admit Card in the space earmarked 
for Candidate’s Name. Each letter should be written in one box as shown below. One box should be left blank 
between each part of the name. 


Candidate’s Name : RAJ KUMAR SHARMA 





R|A|J| |K|U|M/A/R| |S/H/A|R|M/Aye | 


(i) Darken the complete circle. A light or faintly darkened circle is liable to be rejected by the optical scanner. 


(ii) Darken only one circle for response against each question. The response once marked is not liable to be 
changed. More than one response indicated against a question will be deemed as incorrect response. 


(ili) If the candidate does not want to attempt any question, he/she should not darken the circle against that 
question. 


(iv) For the purpose of evaluation, the Test Booklet Code as printed in the Answer Sheet on SIDE-2 will be 
accepted as final. 


(v) Way of marking: If your response for question number 3 is a, darken as shown in correct method: 


EXAMPLE-HOW TO FILL SIDE-2 CORRECT METHOD 


If your Centre Number is 2009, If your Text Booklet 
write as Number is 056789 


write as 


Centre Number 2jojojo| — WRONG METHOD 


5|6|7|/s|9 
If your Roll Number is 6101234, ojs 


write as 


d 


PRACTICE PAPER-2 E s2 B 





ANSWER SHEET NUMBER 


ANSWER SHEET D 


Use English Numbers/letters only. Use Blue/Black Ball Point Pen to write in box. 


in figures 
IMPORTANT 


Roll Number 

in words 
The Candidate should check that the Test Booklet Code printed on the Answer Sheet is the same as 
printed on the Test Booklet. In case of discrepancy, the candidate should immediately report the matter 
to the invigilator for replacement of both the Test Booklet and the Answer Sheet. 











Candidate's Name in CAPITAL letters as given in Admit Card 


Darken only one circle for each question. 


Response Q. No. Response . No. Response 


(r) 
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Signature of Candidate (in running hand) Signature of Invigilator 


Before handing over the Answer Sheet to the invigilator, the candidate should check that Centre Number, 
Roll Number, Test Booklet Number and Candidate’s Name have been filled in correctly. 





PRACTICE PAPER-3 SIDE-1 


GENERAL INSTRUCTIONS FOR CANDIDATES 


T 
2. 


Roll Number 
mfigues [6|1/0|1/ 2/34 


Roll Number SIXTY ONE LAKH ONE THOUSAND TWO 
in words HUNDRED THIRTY FOUR 





Use Blue/Black Ball Point only to write on this Answer Sheet. Use of Pencil is strictly prohibited. 


The candidate should check carefully that the Test Booklet Code on SIDE-2 of the ANSWER SHEET is the same 
as printed on Test Booklet. In case of discrepancy, the candidate should immediately report the matter to the 
invigilator for replacement of both the Test Booklet and the Answer Sheet. 


Do not use white/correction fluid on this Answer Sheet. 


Overwriting, Cutting and Erasing on the Answer Sheet is not allowed. Do not make any stray mark on the Answer 
Sheet. 


Rough work must not be done on this Answer Sheet. Use last page of the Test Booklet for rough work. 
Use English Numbers/letters only to write on SIDE-2 of the Answer Sheet 


Write Centre Number, Roll Number, Test Booklet Number (as given on top left hand side comer of the Test 
Booklet) on the Answer Sheet as shown in the example. 

Candidates should write his/her name in CAPITAL LETTERS as given in Admit Card in the space earmarked 
for Candidate’s Name. Each letter should be written in one box as shown below. One box should be left blank 
between each part of the name. 


Candidate’s Name : RAJ KUMAR SHARMA 





R|A|J| |K|U|M/A/R| |S/H/A|R|M/Aye | 


(i) Darken the complete circle. A light or faintly darkened circle is liable to be rejected by the optical scanner. 


(ii) Darken only one circle for response against each question. The response once marked is not liable to be 
changed. More than one response indicated against a question will be deemed as incorrect response. 


(ili) If the candidate does not want to attempt any question, he/she should not darken the circle against that 
question. 


(iv) For the purpose of evaluation, the Test Booklet Code as printed in the Answer Sheet on SIDE-2 will be 
accepted as final. 


(v) Way of marking: If your response for question number 3 is a, darken as shown in correct method: 


EXAMPLE-HOW TO FILL SIDE-2 CORRECT METHOD 


If your Centre Number is 2009, If your Text Booklet 
write as Number is 056789 


write as 


Centre Number 2jojojo| — WRONG METHOD 


5|6|7|/s|9 
If your Roll Number is 6101234, ojs 


write as 


d 


PRACTICE PAPER-3 E s2 B 





ANSWER SHEET NUMBER 


ANSWER SHEET D 


Use English Numbers/letters only. Use Blue/Black Ball Point Pen to write in box. 


in figures 
IMPORTANT 


Roll Number 

in words 
The Candidate should check that the Test Booklet Code printed on the Answer Sheet is the same as 
printed on the Test Booklet. In case of discrepancy, the candidate should immediately report the matter 
to the invigilator for replacement of both the Test Booklet and the Answer Sheet. 











Candidate's Name in CAPITAL letters as given in Admit Card 


Darken only one circle for each question. 


Response Q. No. Response . No. Response 


(r) 
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Signature of Candidate (in running hand) Signature of Invigilator 


Before handing over the Answer Sheet to the invigilator, the candidate should check that Centre Number, 
Roll Number, Test Booklet Number and Candidate’s Name have been filled in correctly. 





